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(57) [«&] 

& /} ^msir «t 5 cttax en § n. * * > s*^ 

^ * A© J: ^ a <t*C. ^ tSSk#£3 ftfc * * > 
(10) fe iffSStt^ ^ ( ! 2 > ©■© M7-; 7 

>4* *!>#o l^MHIMl ft, 7 t ^ttMSWC* 
0. S^^-i^-CWKBHSft*. W»UW**>, I* 

ftfflK?tt. -'W7''J 5 KgB^7 T ^ 

*S fcli-ewT^TAMfeKDTffWKEWSft*. 8W© 




mm. i ] wj&a a -j Kmr* vc, 

<a> i M© w 7 ffi&u J t 

fit. ( > ) m. 0 i) 3 -r > *a»6»o . o m > 

& 3 ftfc * 'J -?tg£tt©.«g £ . 1513 

jii** y h 'J ■? > xtft^^a < £ t> » -3©7? 
•f 1513? y * ? xtt4>& < £ *>£ss 5 o* f 

■7 h y 3 ?xKttiianfc*ji(caBai3nfe7 7 v><* 

WO. 'W^'J ? KfMtta&K, 
< b > rttSH £ a*. 1 M© u v 7 3 7 

©S * j&WSn 7tt£H© 1 -WiBKa^Sn-CllEJ* 
UWa/WT'J ? K»JBt»SW*. 'M^'J? FIR 

a. 

[1**9(2] ■»*';■?(*, sHUT!*-**-*-** 

7 'J -JUx-y-A-yUHO. t^i'l'? '? 'J ?i>7> 
>W K^-f K3. 4' **fJ>T^'J>, feJ:tf*©t8 

*sa>&»ft3tt4. M$v 1 ke*k> 

•'WfJ Kff*. 

[lg*JS3] IHU>& <£M*?© ^7 -fttttO. 0 

lKBW'W^J 3 Kffil. 

[■«V4] MSl*^-* «* 

aiKsawwwT-y 3 km. 
[■m 5 ] nasi* 1 »j: *j t**i»iw»*K«i 
we ? n 4 , um 4 (cb«©; » * 7 y ? kiss, 
[Hme ] masti* 'j-*-* y ■■? ? akj: owo 

h. i®m. 1 kebgv w y ? Km, 
[ii*jf 7 ] H5ia-7 t -r^it*-#>7 t <{>'<te£V 

wffjji<{7*) ■? Km. 

[ ■** 8 ] BE? T <i tii«t««C 7tW* 

4. SS&B 1 KEtMV* A 7*) ^ KM. 
[Ig*EJ9 ] *-^>*-JHlA«ma*^««>ftBi 

l'. ttm 1 KBftJV W ? Km. 
[ Ig*3§ ! 0 1 WESStt©* - - JlrEtiHU* 
ifci>a< £ (>»5 0 k s i -C*4, lim I (CE«K>» 

•iry? Km. 

-'W ?''J ? Kmrm#»*^fcft©**i»*ii* 
✓ y ^ 5 * ett© *■ * > 0 . 2 % 

*»-c*&, iwicsnc^w?-'.!? Km, 

1 2 ] ^ ^ Km©***©? t 
<i ; <aiga©#flKS9te ft & . mm 1 1 w 
yy ? Km. 

[ 1 3 ) M&mMW* «* *-c* -? r . B?ia-' * 



(2) ttH?9- 1 9 329 6 

2 

(a) 2-3©W*W?43ir»jfii. 

ia=i 7^di©sjHJtc^-&3 ft, mia b -f 7 9 7© s -j it 
wan t «flw * «t ^ Kw.& 2tntv>£ $ nfc 

**>«A=r7^*A4. ( i s > BWO&mB© 

y ^asttii £ ma* < £ 
ig i±. tB^jRtftcbi'rmsn&MtcKi&uesn 

14] Susa 7 ? * its £<c ? * > 

y A IC&ii S ft * . 1 3 (CSft©tt£tR©?Mft' t 

mm 1 5 ] sraa&Bistt^'*>^*>^6t* 

Sf. 1 3 iCiawCH^^ ^©?f Jl', 

20 1 e 3 wmcMx&mi& f y ? * at*, * 

'J 7 t )~)bx—9')l h > . # y x - x - lr h 
0. 0 1 4 >?©)?§ g#*^ ! 3 tCfS^StCDM 

[ii*si8] maw 7 *7«>s 

30 jug ISiO »(K(«HG 7 ? V©^**^ft6ftr ^ 

jUEm*tt^a< i t>«5 0 k s i '0*4, Ii*3S 1 

[ Ig*s 2 0 ] w&m S fcSOlWWB* ^ 
y i/ ? ? «vmdh£ * * > d&©ft»dK4uwi 0 . 2 
«*a>r*4. is*^ 1 3 Kia$M£$i©?H^4 

40 [ii*®2 1 J gnaifi::' w<t*?'?7 t ^7t 

*W 1 3 KEft©*SWDfHS^**. 
[ig*S22] m?l3i0ttdCit»&xiQ> p S i 
/lb/in' tifl^i. HAqri 3iciaK©S™S^© 

[ig*»2 3] mtssem-mi. 5x10* P s 

./lb/!!i' 1 3(CGC(©lfe^ft 

©^•'U-.'l-, 

mm.2 4 ] gna 7 ? 1 itARBQ 

50 SI ^^92 Bi)ia^!El?i©Jait. Htiast 



©B©# i ©«aiiK#^3 ftfc* 'J ■?» £tt©ftSJstC 

jvcagssft. nsfi«Dii<t>$f«. in©*©** 
£*>u#a#* 2©«©«*strtt*s*6*'6 3ft& 

lKKtt©;W5-'J ? FA*. 

mm.2 5) pis n 7 ■? 7 ©s * ©&jj£©fliaa 

Jf 2 4K!aw©;W7'J ? KfaJs. 
[§i*J§2 6 ] «M7v 7ii£!is?g©M ! JjOW 
2©«*fi#. n£&flS©JH& MlZ©©Ji©Sf© 

iWKW^stifc* 'J ^£#©/i-s>sk J; o-c^t s 

n. mssgom<D&iit. mar 

£#m»2 ©■©** & *> 

[ Ig*JS 2 7 ] HG U^j 7 <7>S * ©ftff £©5£ 
»1 ©JBtWHaWT-y ? K«JB©5taWC**. S* 
92 6 KGtt®a&1lt®ft & «* A. 

[■#928] * «J £#©8I©B4 $ 6fc 

S3 r -f Alt < a ) { ! i > ©* U -?1f£W©ll©7 t 
•flT'Js FfM. 

[■#129] ttfMMt M^J? KfU 7 7 
*S0*dW*aiWMtt»1?Jb -j-C . p»IBl-"f7 i' 7 
it. 

{ a ) Bn»ftttj^3ga&3&&R£re>« 1 © 
Js4. 

{ b ) maw L"f r ■> 7*©su©g i^usamm 

{ c > irians i vm i mum 2 <m torn s n, 
mum i *s*&m2v>a<D'j>tt< ti> i-?K#s3n« 
*a < i t i ^€'7-77? ^ i , #ii bKSsrtan 
fc4©ta&. H?i27-3-^-fii. #y-*-»Hjs* 

[MQV3 0] 2^-77^^, B?l52-3 

©t*? ©aa i ©«>©iifi©nrai i ©«i©rt*i*fflK 

$£r3ft, STE 2"?©7- ^©W2 ©*>©«»© 
5K* 2 ©Js©*lfliJSffl{C ttd 3 ft* . flfc&JT 2 9 (C£ 
«©KWMB». 

[ii*s3 i ] **T&nKsw3ftfc7 t y stirs' 
< 4 *> i •wft^ttiit $ &ks#, wkkWc < 
4 & i tora* i©7-7*77-ii Mian 
2C7-777 4©BK*an&. ii*3S3 OKEtt 

©WfttM*. 

[ H*8 3 2 ] «sd»a < 4 *> I ^©ttdfMtt 3 -? 
©3*-7^4;*t?. flMt*3 l(CE«t®IHttt9. 
[■$93 3 ] rtttffiKSH 49W£ireil&©ll(C 
tlfeftlUffl©*** * a 6 K«r . ftfeff 3 0 KM 



(3) 4JH¥9- 19 3 296 

4 

*|©!M<t*&. 

[ig*jf 3 4 ] emrnQmBtocm tmn2 -?© 7 - 
■7-3*7 ^ ©•§ * 4©un s nfc^a < 4 *> 3 
77^^ic gtr, mm 3 3 tc£tt©fHttt#. 

[■#313 5 3 miam 1 ©7 - ^©WJ^ffl^ 

*£3ftfc£BS©»3©l*i, 1512^2 ©7-7*7^ 

4 ©ftffftffiK 8nr 3 nfc Aiiie©* 4 ©n 4 . ma* 

3 ©£■£■ 4 WBM 4 © AHSB 4 ©111 K^S ft, * 
©B*fc:»*3 ftfc^3 7^'(77 -/©H 4 5 ZtC 
ig dtr. Hfc*qi3 0(ceK©lKMB9. 

[■*Jf 3 6 ] «±a»(*«*Jf 3 5© 7 f 74 

[lg#Jf3 7 ] -dfeontatf/w 3->j ^ Fftlf* 
-j-c. ffia-^©Jait, 

{ a > &fl£©» 1 ©1 H K91 1 ©■«£ * 
^fot^^Sftfe^r^***^. 

(b> &JRS©«2©l|t:^ B«l2M2©Si*, f) 
13^ 2 ©JS©£ **b'tt» ^1513^ 1 ©13©^ £-&:b 

( c > mim l ©fa 4 H-iiaM 2 ©S 4©fel izm itfttc 
asftwsts*. piaisattii* ^ f 'J ? 
s ft fc 7 T ' <*a* . irSo 

[■*3S3 8] HCAKCitt^«>dAfi«S4t. It 
[ ■ *S 3 9 : Uia^ 1 *j J: VWi 2 ©H©St* & 33 

o . o o 3 > ?*»o>m . o w > ?©«b©ws* 

ITT *, flfefcM 3 7 (CG#©8tJI. 
30 [ig*§4 0] friafe&H©Jsii«iiccg?<J?ftfe7 

[ii*3S4 i ] »S7t ^.'dtt-#>7T 

€>. tt*3f4 0(£ia«t©fll|. 

[•^0^©i«^] 
[0 00 i ] 

[ smv'tffi ] c ©ftfla-' •"f 7- «j 9 h'HtJiw&ca* 
a»aw*' < *jHiiiBT*. ifK. M7-'j ? km 
it. sjm 7 7 ^ > mKmmi<o'&iatt<m *wr 

^> ? Jr >^^?g©Ja «r^"c U 7 ?» 7*4flttB© & i K 
40 ftaSft&tlMjttftaTStatf. 
[ 0 0 0 2 ] 

*h#£*. l/*a»^r. c©m^^r^]5ii4!,^ 
f<JlStt«?f©»Stc j: ~-zmibi$*>2 ft^> C 4;^C* ft 
ttftfcT, J; ex* ©sisitc ©tta»t aw,T 

m t J: ^ 4i* C i#T«Sft*. en 
6©BB©1'< oaWClt. Si^©i^^44®6L/, 
50 ^ 7 ^ A g 9 ©M£iR© 3 * h $ -tt . 



I «(, >#*4W u , * J; "C«a»«tt#*©i!WW: 
[ 0 0 0 3 ] g#j&3Htt©m'ttH2Mt. *,*SBI 

he. •I'SfitcsftSfate.tcx j: o Jt<r4F*Ktt?&<& 

Atf. ttS»©?H»©W*. 9<f>^. *££>'$©#$ 

f>ic . timou, ^ m o it*, *t •tea* 

ft. S^«W^*fO-c, e^SHi* 

[ 0 0 0 4 ] tt£lftZ>fif* i, f 4 ^ ?i}£V\M*m<D 
J; 5 £?M*> ? -t< * i * * * ^<&£©<£ 5 ft&jfl^ 20 

f ^-c 3 a t »*> *> u tw i ? * 
iwBi*tt±<D«m>fc»KBiEsn. u 

«© JWDK-3JQC #4. * > * fctBJWWC la j *s 

*<,». 

[ 0 0 0 5 ] fttMi (./c . ttgfgaiutfc jitfJMBX 
U ■*WStt*&fWC & 4. C0>£ Btet* 
it. 7 <*•"?©<£ 5ftMft? r^'WUft**! 

ftie|8i*i,'t:*<fcU »350* F (ftl7 

5 *c > s roaefc*^ 7^2. 4 t^wsn*. # 'J 

X 9 m*> ft»©3 6 ft*tttt*«tS*i LTKtaHKW 
Stiff. ^^^ftftttttMreStt^-SV. S£ 
(C. #'J &««*6*«ltSWf>f<, O 

fc*'-> "C#Si©fc«MZ> S 6 A 4*«Ki*£K£ f 4. 

«:©*#>«: <>*$»©** s**f . 

[ 0 0 0 6]* 'J ^ttdttCDJI & i W 

y ■> FiM t n# l, j; 5 if *5fetf tttis®K»t*, a 50 



Ilf9- 1 9 3 £9 6 
6 

s&5mm>m\t£ & immm? t* *k fe ^-c mi * 4 
<wc •mitim&3i£ ««&Efitt<wjfi©ffl** tit a 

fc1f£Wft£A/ci*ftt'. SJEit. ±»©*uJt ? mo 
< xa*t^tm.\ ctaat fcrt±o&SHWiF*tt*Wf 

ii. g»cj;--c?l*^c:3n^(fci. *©MAi, tt 
J:of*«!>iS«|K«Sft*c: itcfc <>x&c Df#4# 

A. a^i*S*©46tSg*i*5Vr'<*t'**. ->w 
■7"J » KfWtt*fc, flA^>U.'L.©J:^w, ggliJi 
W-SP^S?.^ U ff-4 =2 r w^©I4SI¥ iWfif *< * "C* 

4. 

[0 00 7] 

ismovm) commit, mi? r ■< 

* l» -?■* h 'J » ^x©Jsixi:f 4? > ^^MB©«* 
WW4'W^'J? KlWltMt**. SHij*ir>«« 

S 6 K , -> W 7' II 7 KfW©?WB*a*i *■ * > &«S"P 

**©"c, 8t«a, *o*snt* 'j -Tft^ttKwi* 

[ 0 0 0 8 ] c ©»fl<^v^ ^u? KflHtws o < 
t*>\7? ■i<c-m&&t$m<omcm utc * * > 

$-CA*i , *J 1 9iJ: ♦) b**l'IBH«E#K»fflE3n& 

3f * # >3jB6ff6n*. # 'J ^tistt©Bt* 1 -am 

±©^?^*6f(6n, SWtfJO. 0 0 5^>?*& 
550. 0 3^>?©SS'CA&. 
[ 0 0 0 9 ] »* Ul'fim 'J (HB-Ca - 



t -f > 5 0 tt**6 « 7 0 3S9<**S U . 7 T 
-Y^^Kd >-C*^SI^iC^4 01B<*^6 OSS 
^tSflWA. 7 4 "ft JCCfcKP >7 r -f >< 

©fl6*»WS<r»6ft4«&. £"7t</' <«Si*7 5SS 

©Sgtc: fc W ~? 7 ■<} <B* 4 «t i KB 
A Stiff*. 

[ 0 0 I 0 ] ftK# 'J ^BtfP*fe»«:«l>6h*lflJB 
li. 4WWt t (£T 3 -tt 4 C i tc-?«t #* jljfc© &f fcS 

l/» it * C i * «ttn3»> ft*. Rtl K , 

[0 oil] wilts fc. ? J rsG±mtnimfovz> 

*J . si5S 0 < (**ft(£tt9*< J: ^ KflfRSft 

£*©*ffiltKS U< it. Wlift^MA^MBqccj: 

♦j & & Bjfe-c* **ffi&£ t; * £ ^ Tjwaaa ft*. 

WnfttyHHfK) W D TCC * $ > dftBUffc * 
C f5 >©£ 5 wiSSSl*at?*-.S fc 

it£S O. *-?iSS«>*ft«>K 

[ 0 0 12] C<MM|©SM*ft;/W5*'J * KfMU*&© 
m 1 1< X , * * >d* L ~C J: *J 

w fe . mmm t;£&©* / «j k*»t** 

©0. 2%K.tmt.' t 

[o oi3] cstfwwwT'u ? K«a«*fc. a* 
c *a -cav , a^A****** <^r©H 

Bft> 6©fttt© 'J * * 4C ft* 6 , fflKDtttttf 
*l JWM IS ♦) J: EX 

[ o o 1 4 ] c ©#wi its fc, nw^, > 
». an--*, saw. *™»«e©j:5;tt*3» 

©?M»HR> * * *©*W©; W^'J-; KflM W& £ 

«B!iSSU<i**flWe*D. ±asftfcj:^ 
tc . ^ fo J: CX&B&© u -f 7 ? 7©*8ira 

©ftttJH it c: ©■ i ^ - a a*W i ©B©*BfiV i ~ 
*AHK£K«&3ft*. co»jfi**. es£ (Ss> 

j: # an fc^WH^ttttttsw-s- * Bfiiroa S£ i 
'W?'Jj KH«#MI* 



(5) Wl¥9- 193 29 6 

[0 0 1 5 ] C©#HH<»±a©HiB£#< ©ftHT^fJ 

Sh. J:*)A<EIB3n4. 
[00 16] 

10 SB4©««^ h L» v t XtStfWli* 'J h 'J ? i 7 ^ 

C ©»B it S ft: . &IRf|©« i ttdttH i *:# * 

2 ^©?WB 2 Ttttt©llJWW U ^ 

r » ^H©BK*sn, *o*n(c*K#*sti-c/w 

tt£©J: ^ W»2ai?fS^<*Jl'*««'«'i. mi< 
it. KAJIOft^flHitiftBie-CA^-C, rt 

iC& & WWC^Wfft Stt i f fc***©«* i *» 

3 KflSH?HSttHl«!>*tt-C*(fc3n*. 
[ 0 0 1 7 ] St i tl'ABBiWO - 0 W >**&fi 
0 • 0 0 3 > S < S*3 2 5 0 x 1 0 " ' in*- 6^7 

o x i o ■ * m > -c* 4» 3 6 oci , r * s - *) j*mn* o' 
t* a - * J>&££*J9<. > . *■ * >fc J: EX* 

©&l^©^» * UK, - * * * >££©»» 
SfeStSn, *ftiti 0 totfC 1 D 4>t:S 

©? 7 -y -> flfttt £+staijffir- » &. c © J; ^ a ttt&a 

30 it. M©MIHftfcJ:tfftnft3ftftftn±3tf&£ 

**©»tB««ffi»s t?fi»r & c t vsmx. l- . *n 

[0 0 18] ^^fflWmS^tJa^©^®©^^^® 

tXWSWf* >^4SJ»ft W 4 C i *«»S U < . 

ffl SB Jl-7 o -b ^ it, fc i * it? I IS k J: 9 im $ ti 4*H 
4JRIH3. 9 5 9, 0 9 H», SF4. 47 3, 446 
* ^J:CXM3. 9 8 9. 8 7 6*C«IW|Sn6. 
[ 0 0 1 9 ] 3f S bl»-WBE**f«. *■ 9 

r . » i 9 o* FK#fctifc* i 4ib©* 

S© (*U7**sT*H'»*Ah*l'X*- (WesuKins 
.California > ©7r-*Att <Atochem, Inc. > K 

^&jHBa$ti4. BitKISiJWa. 
50 n. 3CK»*-CB*M1*. «4<CflH,»«a, ©itifiKv 
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2 *ff»a>«B& 3 *M9«©7 x fbMHt£ 6£A,V 1 
2 0' FKfiBtftfcjfiRKM'TfTJttfen*. «4#fr 

9H»*t?«aJft*. *K. BltSaAlHFWBMb^d 

ew^a-faa-cit, »»&4±high- 
t?ft 2 0 9H ? o ABWiM, »THHBKf b 3 ft*. * o A 
1 Jtfn >S »)»6 o z - *»6*>7 - 5 o z - 

^ 9 #a h * 6^5 1 o #a r ©scare 

2amps/ft l ©«iilfitt*ft#-3©£+<McM©"7 

? <t**Bn i « stf . BB»f b©a. o < «r#w 

f to £ StStt ! 0 6£jl 5 JHBtiHcK *»t * t: 

*©», «3SUhfcaitaAieo* f-c*- 

V 'J ? KIM© N7j TAaWMSt * 

J3i*6ft*. 

[ 0 0 2 0 ] «l®ftflKt!E^>tr, ff*©*MHH* J^f 

Jeff 3T U *-o?Sa&&fcat>tcJl 

[0 02 1] C©|M8©-'W7'U 9 KfSJsccfctf *W«8 
tt&tt<!>&IK&J'&< t*> loco^^^&ff^ft^. 

7"'? ^©#ni*S!7g t, < two . o o 5 <y 

0 . 0 3 -f { 1 2 5 x i 0 ■•m*6 7 6 0 x 

io -'m) r**, &7Uit, r 
aiisnfc, aaffei*sji:(*a^si4©flia* l» thus 

Cfts=>©7 T<Y «fl*ftT , *r>'CfcJ:< . *fc 

li. a -f * u ? FfM K4art «WfMf £tt©9U© -Y 
©7 7f *CC*J l/T JHBK ft© £"© J: 5 ft ft "C* -»T fc 
J:c», »K»W3ft4J:$tt:, 7t^«MWB. Jft£ 
lK>^IM>«U|HHt»4 3 ft K*rH >til 
iKSft*. 

[ o 022] a*i*i^K«s«©?ww««t* **a 

KW**fc4N!:. tHWt r*jtK«SiJ l,ft<'Ci*ft?E> 

rttt>%. a*a3RtT*K*i3ft*i«t. &t 

AtrjWf**tc «ff O T tofc J: * ? ^2 - 4 -CiMt < 
ifc^S 5 0' F (£517 5*C) ©SgWijlb'CQaS 

n^iscc, wnttji«Ki«k3ft4^»-citat<, $ 
tatfftt*. «sfttt*}«t«iW*i4*tt*4 b-csw 

6. Cft&©SftKjfcft5«fi©«tt. #»JT'J-^x 
-7**r 1 > # »J x-***~ f h >, # l» -Y 5 

k # y t y - a-x — ? a- * ji- * > . * y -j 

>. l»T>MF?YF3. 4' **f!>r- , J>*>J: 
CJf«SfOlM&«t«i. fc £ * 1 0 9«>P - 7 * - u 

fr^^y^'C*., Sfci*4- (3-7V7^^ 
*✓) -4 -v si.'^*i*^>V5 x./>Xl> K+* 
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*. ftJA©Hi tsu ToatsuK cfc-jTPIXAil/CR** 
ft -5 # y ^ 5 h~ W i . ? Affl y 'J - > < Gres 
nville, Tsxas > ©F1 bents, Inc.K JlotTP E T I - 
5 £ br!£5l<*ft£, V * iAx*i**atf# 'J W a 
F&-CA&. St ji^T^iCililSft'SSS 

[0023] oi***rt"cii. *«# y h y ? 

ft*. A&mnttvit, lUTicMm&n&jiW. m- 
o>?v A ccfec i'C^"-*> ? t-V «**j;of#o> -o T -Y 
K<0Sld4)l4«ft«l£ L-Cffll'&CtsWf * L/C 1 . «f * 
U»*-#>7 7 -Y Mi*. ? iS75Ai3 5 - 5 0 M s 
?«Df*Dfia«3»ii. 59<tLJbr*& r*fi 

t> r y ^ > BHEMiDiKO? 7 -Y ^'A^isSSft 

20 »J«©#0 7 -Y-'< (jj^a< £ 4>^4 - 7 in i 1 ) t? 
*£. If* W»«KO >/* 7 -Y 'flE^*©^ U 

? J^it, < fe a ^ Win —5 *.'K Loft-al , 

Massachusetts) * h D > ■ ^-^-t-.'L-f < - ^ 

■fiJTJl'X {Textron Specialty Materials > I'C&h) 
m H Y B O R ©Tt?R* 3 ft & . C©7tY >' <©*fi£ 
■tta^T- -Ylcfe^-CJ: »iSl»7 t ^;<St.'(-4> h 5r 
^ U . ^7 - ©St ^ I5i 0 ^fir-sKa >©iS^ESB^ 

30 [ 0 0 2 4 ] C ©JWjKffi ->Tfp*3 ft4«i©i*ft 
#«1HK©«*. Tftfc*>. #'J-?»d 
*m. foJiCJfar^teit-KK^i&ftSISft, c©«fl 
£HSUt:«<,»*fc«>KB5U*ft6. Ute*tfl**HB 
k. BrtSftfcSBfcftft* - fctt*©»fb7 t 

-*K«3»>ft*f«t y * ^©««t?4A 6 

ft*. *K, H«4liA7-^^a<L'*ft, ftBfiC5 
^6ft*<, HtlK. aT#*4ft6». -t-ftii^^ai 
$ ft . C ©»W iBB* l/T ffll ' * & »K# A 6ft 4. 
40 [ o o 2 5 ] ^ -Y -7- y K ffia it i© J: ^ ft *©*Sk 

J:^Cft&4TCfcJ:t». U^OftA^. *?FSB41f^tt 

©*i ^, mmmKK.Ttosat a *i&*w«y— 7 
{ f7-u7u ? > ©soji^ia^ v y ? ^t. ^ 
inattiSffl^ ? k k j; -7 x . moms § ntcmmm^ 
tmmmmwzw< cttc&-, xmtmmn 4 c i 

#K < O I ». Sfe J: EXffift t IfiW* * C i J: -> X r - 

MJ? ^?:ll^ii>ft;^l^6M^r'g < C i K J: 
TffKBM$ft«:7 t ^'<£W^**f St'T©i£$lflft7 
9 8WK!fflB£Sft**lttK 
50 ttfft/C. aatt©8l©*-*fcJ*W*W>7-5-Y*JWl 



u 

©?*? -io>Tm±K-&&m c©*-* fctttwR© 

nfcHtettH±"CBft 3ft. fc i Attn**-** stfcc 
$£<?ft& 0 1W1f^©$©a#±tt©J:7 

a»±K«tt« ft ft»£ , £J§$gfc <t D>'W#tf y * 
h L» s ? A©ll©*»:*©&ftfc»*tt4l»fc». £ 
JBIESCWWM^^i 6ft£. CftitC ©jh3©«v&jq 

b-c&o, tarn*, a©?MWS3»^^^y ? h~sna 

[ 0 0 2 6 H> < -ataflSfclTK J: 0 

fM©* 6 i9> * ^■©TaMMMK 0 T>l£*jy fc fc t, ' 
T«#«3&ti**afc«E*t^A%*l». £fc, *D 

* 6 ft fcftte «fc fffi©Tt»-©8»K»I!3 ft*. 

[ 0 0 2 7 ] £ W V 'J ? KgtHii. ££©«* 

<fia¥Sft4. W&jMc. HKStifcfltoEHiifeHS 
ft. c»< *33d»3}iTKS3hi. Hr^HLt***^ 
1 0 ©SI©S*I U , adtt©4>& < i 4> 1 

©*•* -v #««««&■© s -j ©wk &a n«. mitt 

3tt 1 4©9 0* VSS3&94#W\ ©2"?©? 

±m<omcmm 0 o* ©77-n 2**2 ©?$> 

01 1 0 ±»3©*# >«» 1 0 £©miCttSft«. fi 
ftK . 8«©S* 7? ^£ 3 © * $g)s £ 04 © * £ 

>lBHi©WKJ**ft*. c ©#*«<<£ u^r? t*t- 

it. ?W<©3&©2*i9 0* ©£«7"^©*«K 
l£5lJ3ft, v r V ><©3£© 1 3»-tfng*rtKB5U3n 

&fclTK8W!3ft**©»S l/l'Httfflt'J*, 
WJr-OUfi. 9 0* ©xM7 7^^[Sji, +4 5' * 
fc(*-4 5* #[iO£CCig?FIJ<Sft&, cdWKfa^r, 
sag®, g)roe*Mt<ff > 3 94>2J:0<>±> S&l* 
r^cc©^ .r ©7 t 4"ft^©#i*«tc£fflsnfr. 

a 1 0 ltH-©I&»t) 4»-7fflB©ISfiI*«*K l/T* 
££*ytf$£3ft&, £*>fc, A«d47titf^A»WS 

[ 0 02 8 ] ff* m it. cmmw W7*y ? kiss 

it. H2 (CSS ft£ * * > AWf©* 5 «H 

r. 3TJ14 0«, ?WBKHt«J«T*H-©fiW*«- 

* -Y T s 7H L(C J: -7-CS«!«:BRBS 414 

[ 0 0 2 9] fclTfc«< WlttiCtttlfi-* 
^♦fU^Tst/HLKWtS?***, ''W7>J 9 h'ftHIt 
fi© S * it, S ftfcH-©ABJB - * 'J Stt u 
^7? 7(CJ: ?7HfteBfeftTC©M©ttlM0tt» 
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•fry » PWatcJAfiif^arlllfi-iatrc £#a 

[0 0 3 0 ] S3 it, «B#i*«S»©^'Y7 p y ? h'ffiS 
VCM, e©flfi*3ft*BW!?li. 4-?©S!lilfl(CR 

tTOafHWM 1 . *■ £ *« i/c si * cc#* u tr* 
frwKnfrt^nwtefS-r^j: ?ic3ft4„ tt©soi- 

Ttt. J:*)*<©«**i!iiHBiSnff*. cn6©*# 
it. #mtt v -> tcm^ J-Xn~s%.%VZ>&*> icm 
10 m ftfc*fWK RIHEt ITT &Hf*©Eitt* 2 0 i . 

m&imttmm 0 ©aiw)*aiBt>t?*&w2 © 
n«mMB9 2 2 i , smimcc rots-c* 0 , ^2 ©m 
m$ 1 m o*.&ct> 3 ©mma 2 4 i . w 3 © 
iH}±sii<j©itfi i*wyc Fa (;fittta*»r * *mc 
5^dtc & -7 fcnRt»©»«(eB*Mi» 2 e i *atr. a 

3 KiSSttaaittW©? < > ^itr^ 3f»f* 9 . Rgf 
8llf*S|iS2 2i<5J:t>'2 40C»rtwWE)iW»6*HlltC«D* 

4. 1 a^TKacfSHfte©* H'- > 2 8 
tf. 1 ttommmc&ismw * > > * 3 o# h 

20 Xb-i7 2 8©#.^t^L^ H(«»#2 4©(4«^ 
*6^H'-?©f4*By(i©iSftKaiCJ t 4. S!§tlfiKH 
ftjf?©?f^9 < > i^3 2 (*"? > W i? ^ 3 0 ©& i 
©-4afflrtS*6iKX&. COJi-JK. S»^©S«J©X 
H/-Jfciyj^?«. XI- U-?2 8©±g|isSffi 
**>*©li^T4'? v >^jK» *X3 0©±S5*?H^ 
i. *C3S»&*4Sf ^ >^3 2©±ai*ia^i^4ra 
-TBJrfDiKSiBtfWW**. IH-¥ffl±©TS|J*ffl 

mm^mz n-s> 0 wosijv 3 4 ** <t «&»© 

*TW3 8t*fe, CCSflma^-C/W/'J ? KB 
[ 0 0 3 1] 04 it, * > 2 ftWT*«*r 

©•Bat?**. «fr*. cn&©«a^©i»at*iift 
GHir-iT? 7*®**ff»**awf k s ft &a 5 a n 

4. C©J:7^. SSft^Safcrt-Ct*. OitX 
8©fjtttt»2 9 iW«f*©»»©*ilKSM 

§ft*„ fc?<:u. f«a»«:tti/r9 0* ©asisi^sfcs 

0* KB&lSftfc9 0' CS17'7^ 1 4*i*-S. C© 
7 ^-f 1 4©Ti£tt7T ^-'<#*flSKEf«3ftfc»2 
©7*^^ 1 6**4. 77^! 6©TKtO»2©jai7" 
1 4*s*D. a|Ja 1 0;i^<o C©^(Cf.S^r, 

9 0 • ©xmt*7 y i 0 * mm?? j t 

- ?©fc»KHS or,*. gjB^^nfe M7j t-««w>=i 
50 [0032]-*, 9^^; **&AVl'-9ttt 
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4yy#v9x<Dis4T9 t*©# * = r ts*£tc$ 
d3ft-cfc*j. sn*sft*>W7' , j * HMtftttHR-r 
* 4 <fc ^ kii-'c* -4, H 6 ©SWKS$ ft 4 u V 7 
■v ^ W 1 ©3WB&PSII 1 0 . 4 -TOtftftUW 

tfAKEmstifc^-f i e> mzwen I 0. 3*2© 

-HS©4-X!«W3!f|6lKEl*l3n&^^ 16. IP3© 
5§S 1 0 , 4 0©Wt^KE«3ftfc7"9 VI 6 ©M 

3msm. ^Ex^wwBuiotuwtwr*. c© 

?WHMil0t*=iTltfi«)-*«>lBK»^3n. Pi-© 10 
7#3 7*fiB©fS*OfWC«*3n-C ■> -f > 

I 0 0 3 3 ] "5 f > y* ? U V 7 9 70ft* Htt* 
fcffl-ci*, 7? -a e«vr*<rj»SMI#«KEAi3ft 

^K«b-C*4fl«, fc£*l*+4 5' feJ:0f-4 5* 

(c-enens[s)^ns 0 ^©j^k. 4-?©7?v©3 

0. *2tf+4 5* TfflfcSft, *3«i-4 5* -C'Srfi] 
3ft. »4©^^3»SMB*rtt , *4. ft 20 

a* »© i n&w awasft 4. 

t 0 03 4] &tfi*(^tt©|MtIi4©ft3U&3ll& 
-sfcWrfWtt **iOT. C©#fe«W 

(padup 5 j > fcJ:t>' r It, .■WT'M ■* 

r?«AE$ns. enusTfcflHMKwsn, a 7 it, 
im*»^±oiutt -j ftiwrca & ni* 4 e -^©^bis - 

iS^77-fl-/T77HU - H Li ifcST, ✓ - 

xsn^2 0 toco's 1 ©^2 2 im&vnmztm 

it. COJWKffi^TBIl/l/^Ts^HL, &ttr4. 
V 7' 'J KAffaftH-C* 9 , *f S U < tt* * > £&© 

mm 1 0 f**. ^nfs 1 o<^{M&fiuti45<tt* 

3ftfcX©Jltt. 7t -f-><#ip]«««)B#©RH©**j 

< r7-7"7"-7--f J } f-AS. 7-7*7fV. > i'7 , 7^© 40 
rt»JK*0. *ftK*tcS»3ft4©t*, 7t^«I 

#Sf»o«3tt:ifi-jr*^*«KB*3n*^^ i 5 
t*4. c©s*7 T v^t? v i s BiHttwt u v 7 
3^©*'CJitipm'&. i/fciss-s-c. W7t^^ 

?^H©rt»£«»2<!>7-7-7T V;<77V 1 3#* 
♦J . £ © * * 1 0 *H* 5 . * 2 © ? * > 

B*t*a7«e <BStt1"> ©-#©*£*d*<V n 
L'/ H' 7 3 7 # =3 7©##©*K»i 3 ft TftSlBtt > 
V7'L>5 Kffl»*±04. 

[ 0 0 3 5 ] 2 4 1*4 -o©Pft ->fe*9 V 50 
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i»t*l/»« .Il©i"fT?7-HU l«Hf*©H± 
©H^IMI'CaiMbl 3 ft 4«A tflifr* J: 5 K Mf 3 

ft. arcowr^HU ttnu=©wi*»<ci*w4 

5 l5i /j£tT?ST J; $ U8M' S ft . 33 3 © i- V 7 ? 7*H L 
, «f+-©TKa***1BWK>fc«>©<>©'CA9, E 
•attWWTteaWMM © U V7 ? 7*H L 5 \tm\tv>* 

-*Ka*ji6ft&. t>*>^, 4-?©?-<r©7 , ?v 

^^U? KSW»afit»tiW&3». ^ ■*©»£*© 
S(SJ <L it8lJI«itt A 4 C t 3 ft 4 7J tCfe^ b 

*>m»l OSrWf 4. ©1 ('©FJflUCC 

*Ktt^sft4©tar i ©? -77 7 ^"7? 3 r- 

* 0 . c ©7 - -fy ? A ©RfflUtc it 3 ^>©^^7 7f< 
7-7 A 1 5:*&£. »3 ©**7 r V -'<77 V ©Rftfe 
ii^ 1 Of* 0 . Cftit 1- V 7 7 7 

MtC 3 ^©ft*7 7 V -> <7 5 ■< 1 5 , 7-7*7t 

1 3. feJ:E>®f«©rtfl!l?3f>SgJa 1 Otf* 
4. >«lia7©-*«WlJKt^8ft. U-Y 

r * ^ta 7©flS*©«lR:«f(Rft(C«eSft4. ^9 V 

JS±©BT*rSS«SISft*5l«73. ->7-7j. 7-7" 

4. H*C!)*604*»«:**t't:, 7-77-?Vk*F3H 

1 0 0 3 61 H(««»2 4 ©a±©*JIEa±ilf**& 
2 6 ©p*a» £ fe W 4 ^ fc? I ftfT ilW fc 
i*{<:. $6%4fi^7^VA!HL, iCte^r*3ft4J: 
i 5KUV7?5 , K*BA&ft-So C©ct:^CC, 7R_hg|i^l* 
> >« 1 0 , ^-© 7-777-f, 4 ■?©«»« 

& «*a^w^^ v , * >® io, 4 -7©^ff? 

ftft*a^tt^-Y 1 5. ?-7ttStt7"9'f 1 3, fc 
J;^W**>?gJa 1 0 cmti'fcO , 

C © U V 7 7 7*©^^ ? ? 7 CC^^ 5 ft , 

U V 7 s 7li3 7©«b©ilJ-C^ii $ ft 'C» fSaWt - W 7 
'J ? KfKJI«£i;4. «*»»2 6©nLh©lW»»tt 
«»«B(fc*ftfcL'-Y7?^l*HL. *WO. Cftit 

tt£H©nfttE#© c ©awcw*yut k?s < 

4^HL. Sfc^HL, «fc9<>«l»«lfft£l>Sft»ec 

6©U-Y7-?7*HL 6 ©»«XtE»t?MifeJ:W»3* 
©?*>SS1 0*WO. *©UK*Sftr, 3-5©^ 

?t*7^ 1 5*a&+**»i/fc*att«twt/. 7- 

77 t4><?5 VaSfiftfcfHIl©**^^©** i?Hi 
*^>SJS 1 0 £©«£*** ft*. 3 7«6iiJB»*a 
7K^"T4C £CC J; -'C 2^>V>£<Di: *> tt l> A 7 v 7 

©ratcwsft-c. »5'W7-'j ? h'sunific^c 
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4, 

[ 0 0 3 7] *S»©fmJ^+--*SW4©'C. $M 
2 4 J: O' 2 6 ©SltfKfeW £ / W ^ 'J ? K AtttKBt t 

#j§ H L . i*lWiC?f 38 * > >?£Ji 1 0 £, -C-tDRi^S 
fcJMfSftfc? -ya-Stt^? ^ 1 3 £, ^©FJiM©!! 
2 ©? # 1 0 £ , *©rt«l©«M**tt£tt 7 t 
-i 1 5 £ 4&tf . U -i 7 ? T'atWC*!)© 
f . C ©•> * * - > J t«*5 7 *f I 5 ©fly*©* 10 

3. **>s»iot>**. i •-?©<: ©j^&w r? 

[ 0 0 3 8] «£2 4**02 6 ©H#©+-*t»f* 
b < ». 4 -?©ft¥ttdtt:f ? -f i 5 . IT 5 U < 

^c*p>?7^' *4St?7 7 J: -7 -CSilJ £BEI 
SfttefA^JoSJIi oestrum 7 ??HL. 20 
#S£3 ft£<, *Kn >*7* A 4XSMnm&&t£ < 1 1»- 
©SStf7-^T-f<^-f 1 3'C&-»*SSEfc*l£. 

7 - * ■? t it * $ i>m 1 o -c^fctt 

C©BW^sT#fi©-#©*tt:*£S<V L"i 

r ? 3 r©ft*©flrcai53n-c4*jiai9ft^ a i «j 

[0 03 9] £R»~*A. fc4A«?#>^A^* 
A© <t^fe27 flti6*a>WG> a ^ 7" "J 9 KfMW*tt9 

«a«**#|*K*EX4* * >?@ ! 0 -Cff &nfc?i«* 

BCl^rtKCli. ?I©7-^t ^BMrtt?? 1 3 
£ . S©»* tlfc * 1 o ©* 2 ©a 

£. ^^©fetf^-^VT^^-f 1 3£, £ 

jf >e i o ©* 3 ©n *s $ 40 

l >-C. /^^7A3T40K *4 ©ft* 

* * > s i o *> msc> ^ * mmvmimic m £ 

ft*. *4O?jr>Bl0CDrtfttK«. *4©Bffitt7 
-TV?-* 13. »5©***#>»ltl0, £4©£ 
^17-777 -Y 1 3 , 4* *E«a&©* * >®S 1 0 # 

jfcxawsn*. cui/c. »at*Wf »-^a»4 o 

ic&Stm*. A^ft < £ * 4^©7 - rf*9 A **U 
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8^ 0©MS 1 - 3 ! !) / f t 1 t?* AIHH© ' W 7 l ) 
?KWUNWA», I4ks»7-^iii. 0. 1 
© r R j M© 0 - 2 0 H z ^fS^Mtf- -f J ^-c© 1 
2 k s s itismmtm 9, 0 0 omv-i **km 

[0040109 it, C K.t£ -> fc. MKH&SBI 

4 a****|*KaKJ'*^|M>/7-!K>7'5 ts*. 

-BBffMtf ^ 4 4 J&ft* #fl KMClt**-© * - # 
>^^«rS*. EEtt»fft-JU«»4eA«|l-©lSfrt 

tf, as«C£tc, c©Ste«<i*. ->W 

y 'J ? KISS© & U T 9 C 

ft ^ ^ ©^f* tff£ J>4 < £ <> 2 r><D ft - #> 5 T -V 

7-©B**a*T*£, nsii*^rt»Jic^ffijcc. me© 
s 1 ©■** > 1 0 ©?tSM t? * 4. c mc . im 
©±puatcaKf*3ii©*-#>ft&tt7-^7*7^ 1 
3 nLh*»42-ctt, cn<c ^-#>?t-{ 

/<©S^*|filKiiUfA?e©7^ -/©^ I ©g 1 7 £. 

s**«(iisa t *s2©^if>aioi. *»©*-* 

>*2-f©*2«***|»K5K)r&H 1 7 fll 
*4 4t , l*. ?10/7-^7-77*f^ 1 3iC. 
*|*K«Df*l|I2©**>}B 1 0 £ . «^lfili<:5SE>'l> 
4 15 4, S^lSUCgBlSi^nfefllS©? 1 

*>siotJ9iffi^. *-*4ert*. Mi©*-i<> 

7-^77-fl 31C, ft**rtKSEf**fc©^Y4 
SWc#P > - *-#>7 7 ^.'<fl^ 1 ©1 1 9 i, g 
**l*KSDf4IP2©?-»»l 0£. aMfc©#n>- 
^-#>77 -/©R**HK«CX&a©JI 1 9 £. ^ 
*|*K*E)f A^ 3©?*>?S!0£. 3Mft©7"^ ^ ©^ 
*#rtK«Df*!|l3 ©#n>-*-#>Ji 1 9 £*« 
<. ±ilSn&li©&'»K«, J|H*©±RJi4Pjl7?|Sl 
(CJia E &»2©*-!K>?-7'7"7^ 13*^<. C© 
^£©*-*>7-777-/! 3©P3lJfflii, 

CCiSCJi^ >?g ! 0 4SXft:§li©^iCi: tTS*>n 

A. »»©?->i'Baii3rlt3fi©-*©ii(i:«&3 
n. ±^$4i?«: b -r r ? T©ft*©fi-c«iE3n 

[004 11 B10U, H9(C^StiAJ;^(c. c©#^ 

«©»TBtonft:pqw®HfM(»ts i;&fc*&«: £'© J; 
mSftisdwi-ctt, ©i oit, Sii^t^ior 

a»T*SES©ft**rtK«EX47-^ V a fci* r 

* * j cara 3 * * * * < r. eat* fc . i&* 
£?hAw^i#7 - ^©Bu-cnH^iaiKaffi ^ 



(10) 



17 



[ o 042] mrnzn, *-?«s3ftfc*HR>t**«i 
m * fe»«D*tttti * < ^fiw^sffi <l o 

X. f * 8 Jtt n - A©B«HBtt'C* * 6 

ft. f.Kfcw^KWeHcj: ?-cTO>£at>6nfcft30=r7 

«tt&»KB£Ut:, =f7^*A 
It. m**^- 6 A#g>tiBCttKI' -ss^ 
-> t* 4. n#*£# ^BtWHH tfl ©T\ 

i t 4BftK <> fc 6 3 ft»4 K , =f 7^* JU* 

*m®uvWfi ^ ftft wh««t 6 fti », =r 7> t* m«e 10 

SaDPWBtf fc:7n -b x^i fcii±j&<? ftfc ^ a <fe * iC £ 

-j-cnSKffcsft. cftt*. wassnfc^-jKv? 
J: 0 ttSSttttKfta**©* «t yiO't3'r.>< 

Wetter, rf7M*A«x^-A*fctt*-b» htc^ 
±if 6ft*. C ft 6©*-iz 9 h i*ttfitt&C!>&< ©fiMf 

isffiK t fc & 3 ft, mm « a^xnm 
<* ft 6 * -ce* a ft 4. Bf*®rtHK fs o Ufc?fJa 

*m\s1>t\s47 9 "7* > f VMfrU 7>) v FffiKS 
$T 4 fc&tcffi^ft'C *><*:<, ^r£#±tf6ftr«> 20 

ccfSffl Sn*HMHqBAttMHjH BOCO- 1 - 8 
4 3 4 it ^ > K U -'L. £© S &Jtt 45*814*1*. * 
-f ?''J ? FfK&tmiWTKMJiSft&ftimucJ: 
vc^Fu^te&fsi;**^. *WH. 'Wnj^K* 
■«■?> KL^frMRIfcMl, 6ft. -J < > F 

ya^dXtfiKfc i * r«K £ft, mm^ 

ma* vmsaam*. znxm 0 saw 
4, 

[ 0 043] m\mw? y f u Jktcft &ft* £ * . 30 

flfflusn, *©«**waanW]KBrtisn4. mm 
©? * > it; < * jU]Witta**?mia*&*HM<'c-s' > 

F i/*©?HfcKBKft**rtKaiB3 ft* * * >3B©» 
1 ©g£^.l£f 4. #=T7/<* A#M79 -7» F u 
A-±K<iB$Ht>3ft, 2 7-'<* JL-fl»**iW3WHK u 
•f 7 ? 7 > K k'KO^|if1i-C*l>„ < 
HlVi*. =f7-'«*Att. lift©* KU*«>H 

■kmee;*? - ^©eifrc*-? -c =f 7;** ai* 

tttK^Mtt^^lSr *B* <5fe*tt«&) t'M7;7 40 

4, stc, ^7i^^r-^(i?ii*. sm 

t2tiZ>£*>?mv>-7V?V - J V) 391. 
©7-77^ dieJI^K^A $ ft 4 S f, K U 

A^ft4o 136*K, Act>^^EAi>jlAjlUi Stiff 



WIT 9- ! 9 3 296 
IS 

ft. *flWCK?3f>Sfl!>*a©Jl3Wlffl3ft»4. 

^•j ? F«Ji*«37#staftrtid. ■?> Fi-*±Ka 

/** 7*^5 ft4„ 2 7&COJ: i ktk 
*»4gJa1#3i(i:ft^Sft4. ^W4fe^£» 
* > ^© 3 htt 4H#±i* § ftfe £5 CC 2 7©±K* 

.^3 ft*. 

[ 0 0 4 4] X H» 4Wf 4 b ^ 7 F 

U*"ClBl**fc»K, 27^4 JUHJS t/ < ItftCHEtt 

fc . 57 -> t* J: *) fc GEl ' t? 

*6^. cou-c, 27; < .'L*s^a» iiakiis i =&ftt- •& 

B»-cntt«® F U*±K»W»4 i * , 
aM'Cit&^^jglffjCC. S=T7>t* *ttit fcMC ? * 

>«»*«fl*r*fcaxt>-7^ f i-jKDHtwu>iis»K 

t>^4ffe6^. IfcASt, ©^57->U.'KC^ilf 
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ABSTRACT 



The invention provides a hybrid laminate and skin panels of 
hybrid laminate structure that are suitable for a supersonic 
civilian aircraft. The hybrid laminates include layups of 
layers of titanium alloy foil and composite plies, that are 
optimally oriented to counteract forces encountered in use, 
that are bonded to a central core structure, such as titanium 
alloy honeycomb. The reinforcing fibers of the composite 
plies are selected from carbon and boron, and the fibers are 
continuous and parallel oriented within each ply. However, 
some plies may be oriented at angles to other plies. 
Nevertheless, in a preferred embodiment of the invention, a 
substantial majority of, or all of, the fibers of the hybrid 
laminates are oriented in a common direction. The outer 
surfaces of the laminates include a layer of titanium foil to 
protect the underlying composite-containing structure from 
the environment, and attack by solvents, and the like. 

48 Claims, 6 Drawing Sheets 
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TITANIUM-POLYMER HYBRID LAMINATES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of U.S. patent application 
Ser. No. 08/585,304, filed Jan. 11, 1996, now U.S. Pat. No. 
5,866,272, issued Feb. 2, 1999. 

FIELD OF THE INVENTION 

The invention relates to supersonic aircraft skin panels of 
a hybrid laminate structure. More particularly, the hybrid 
laminate includes a central reinforcing core layer having 
bonded to each of its sides a layup that includes layers of 
titanium alloy foil with layers of a composite of fiber-filled 
organic resin between the foil layers. 

BACKGROUND OF THE INVENTION 

With the continuously increasing demand for interna- 
tional and long distance air travel, there is a perceived need 
for a supersonic civilian transport aircraft. However, it is 
expected that such an aircraft would be expensive to produce 
so that airlines, and their customers, would be reluctant to 
use the aircraft unless the high cost can be offset by other 
factors, besides the convenience of high speed. Some of 
these factors include minimizing the mass of the aircraft so 
that it would consume less fuel, reduce the airline's cost per 
passenger mile, and increase the aircraft's range and pay- 
load. Moreover, the aircraft should have an extended life, 
thereby allowing the airlines to recoup their investment over 
a longer period of time. 

The need for increased fuel efficiency, long range, high 
payload and longer life of a supersonic civilian transport 
aircraft imposes exacting new demands on materials of 
construction. For example, the fuselage, wings, and other 
components of the aircraft's outer shell, should be light, but 
also have high strength-to-weight ratio properties, calling 
for low density, high strength materials. Moreover, the 
materials should have high modulus, fatigue resistance for 
long life, and high thermo-mechanical endurance to with- 
stand stresses under the high temperatures encountered 
during supersonic flight. From a safety standpoint, the 
materials should be damage-resistant and damage-tolerant, 
and from a preventive maintenance standpoint, the materials 
should provide visible signs of damage, long before actual 
failure. 

Fabricating aircraft fuselages and exterior panels, such as 
wings and control surfaces from metals, such as titanium 
alloys, may not meet all the performance criteria for an 
advanced supersonic civilian aircraft. Titanium alloys have 
relatively high density compared to the target density for an 
advanced supersonic civilian aircraft, and are relatively 
expensive. Moreover, titanium panel sizes are limited, due to 
physical property constraints, so that a large aircraft would 
require many joined panels. An increased number of joints 
results in increased weight, an undesirable factor. Titanium 
alloys also have relatively low fatigue strength and relatively 
high crack-growth rates so that the life of an aircraft may not 
be extended to meet the criterion set for continuous service 
in supersonic civilian transport. Consequently, titanium 
alloys may not be the optimum material of choice. 

As an alternative, aircraft fuselages and exterior panels 
could be fabricated from polymeric composites. Such com- 
posites include a thermosetting or thermoplastic polymer 
("resin") matrix within which is embedded reinforcing 
fibers, such as carbon fibers. However, performance of these 
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polymeric composites may change with time upon repeated 
exposure to the high temperatures encountered during super- 
sonic flight. Such temperatures clearly vary depending upon 
the speed of flight, for example temperatures of up to about 

5 350° F. (about 175° C.) are expected at mach 2.4. Polymeric 
composites are also susceptible to undetectable mechanical 
damage which may compromise structural integrity, and 
which requires additional material, to compensate for 
unknown risks thereby increasing aircraft mass. 

10 Furthermore, polymeric composites are also susceptible to 
damage from lightning strikes and therefore require addi- 
tional conductive structure for protection. This also adds 
mass to the aircraft. 

Prior art attempts at developing hybrid laminates that 

15 include layers of polymeric composite and layers of metal 
have not produced composites with the requisite combina- 
tion of low density and physical properties necessary for use 
in a fuselage or exterior skin panels of a supersonic civilian 
aircraft. A laminate must meet the strength, modulus, fatigue 

20 resistance, and thermo-mechanical endurance properties dis- 
cussed above. It should also have enhanced damage 
tolerance, and should desirably dent in a manner similar to 
metals thereby allowing detection of damage before signifi- 
cant physical property deterioration occurs. The polymeric 

25 composite layers in the laminate should be protected from 
thermal-induced oxidation, water ingress, and potential 
damage that could be caused by exposure to fuel and other 
solvents. Moreover, the laminate should exhibit high 
strength, and resist propagation of cracks, even from those 

30 points where it has been drilled-through to receive fasteners. 
The hybrid laminate should also be compatible with fusing 
to a core structure that may form part of the laminate 
structure, such as an aircraft panel. 

35 SUMMARY OF THE INVENTION 

The invention provides hybrid laminates, including layers 
of titanium alloy foil alternating with layers of a polymeric 
matrix with reinforcing fibers embedded therein, that form 

40 the skin (e.g., fuselage, wings, vertical and horizontal 
stabilizers, and strakes) of a supersonic civilian aircraft. The 
laminates possess high strength-to-weight ratio, modulus, 
fatigue resistance, and have outstanding thermal-mechanical 
endurance properties. Moreover, crack propagation is very 

45 slow, compared to monolithic titanium alloys, so that the life 
span of the aircraft is enhanced. The laminates dent in a 
manner similar to metals allowing detection of damage 
before significant deterioration of physical properties 
occurs. Moreover, since the outer surfaces of the hybrid 

50 laminates are of titanium alloy foil, the laminates are resis- 
tant to fuel and other solvents that may otherwise adversely 
affect a polymeric composite. In addition, the polymeric 
composite layers of the hybrid laminates are protected from 
oxidation, water ingress, and the deleterious effects of 

5S ultraviolet light by the outer covering of titanium alloy foil. 
The hybrid laminates of the invention preferably include 
a central layer of a core structure covered on both sides with 
layups that include layers of titanium alloy foil with at least 
a one-ply layer of a polymeric matrix composite interposed 

60 between each foil layer, to produce a symmetrical laminate. 
The layers of metallic foil are preferably about 0.01 to about 
0.003 inches thick, and made of a beta titanium that has been 
heat-treated to a yield strain of greater than about 1%. The 
layers of polymeric composite are made up of one or more 

65 plies, each layer is about 0.005 to about 0.03 inches thick. 
The preferred organic polymeric composite is formed 
from a prepreg in the form of a tape of continuous parallel 
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reinforcing fibers coated with a resin to form a continuous as the same becomes better understood by reference to the 

strip. Thus, when the prepreg is laid down to form a following detailed description, when taken in conjunction 

composite ply, each composite ply includes a matrix of a with the accompanying drawings illustrating embodiments 

resin (that is resistant to the high temperatures encountered of the invention, wherein: 

during supersonic flight) reinforced with parallel fibers. 5 FIG. 1 is a schematic cross-sectional diagram showing the 

These fibers make up from about 50 to about 70 volume layMS of m embodiment of a layup 0 f a metallic foil and 

percent of the resin and fibers when the fiber is carbon, and composite that forms part of a hybrid laminate according to 

from about 40 to about 60 volume percent when the fiber is me mvenl ion- 

boron. When a mixture of carbon and boron fibers is used, plG 1A ^ a cross . sec tional illustration of an 

total fiber volume is in the range 75 to 80 volume percent. i 0 embodiment of the h brid com p 0 site laminate structure of 

In accordance with the invention, the composite plies may ^ ^ a hon b cQre stmcture . 

be oriented to provide a specific fiber orientation in each schematic diagram illustrating an embodiment 

layer of composite that » best suited for the particular rf ^ q{ ^ ^ ^ shell g fabricated from 

service ol the laminate id composite laminates in accordance with the inven- 

The resin used for making the organic polymeric layers is 15 V 

selected from those resins that are able to repeatedly with- J schematic Io(Jed view of embodiments of 

stand temperatures encountered during supersonic flight P are 

without undue softening or weakening that results in reduc- embodiment of the hybrid laminates of 

hon of physical properties. Similarly, the reinforcing fibers . ' 

are selected from those fibers that are compatible with the 2 o 6 l^iL 10 "; c ■, , 

resin, that provide an enhanced strength composite, and that 3B schematically shows in cross section the foil and 

are able to repeatedly withstand the temperatures encoun- } 0nen ! atl0n * ' 

tered during supersonic flight without significant loss of strake sections ot MO 3A; 

physical properties. FIG - 3C schematically shows in cross section the foil and 

The resin is also compatible with, and is preferably 25 fiber lavu P m the f n S box ° f FIG . 

selected to, bond tenaciously to the titanium alloy foil. In FIG. 4A is a schematic diagram lUustrating an embodi- 

order to achieve such tenacious bonding, the surface of the ment of a hybrid laminate aircraft fuselage and in cross 

titanium foil is preferably pretreated to produce a surface section the fiber ply and metallic foil layups at various 

more able to bond chemically and mechanically with the locations of the fuselage of an aircraft, in accordance with 

resin. While it is preferred that the resin bond to the titanium 30 thc invention; 

alloy foil without the assistance of adhesives, adhesives, FIG. 4B is a schematic exploded cross-sectional view 

with or without bonding agents such as silanes, may be used showing a portion of a hybrid laminate aircraft fuselage 

to facilitate and enhance bonding. made in accordance with an embodiment of the invention; 

As a result of the unique hybrid laminate structure of the FIG. 4C is a schematic exploded cross-sectional illustra- 

invention, crack-growth rates are dramatically lower than 35 tion of an alternative embodiment of a layup forming part of 

for titanium alloy structures. Indeed, crack-growth is only a hybrid laminate fuselage of an aircraft in accordance with 

0.2% of the rate for monolithic titanium, of the same alloy the invention; 

as the foil layers, that has undergone the same heat treat- FIG. 4D is a schematic diagram showing the orientation 

ment. of metallic foil on the outer and inner surfaces of an 

The hybrid laminates of the invention also demonstrate 40 embodiment of hybrid laminate fuselage structure of the 



high open-hole tensile and compressive strengths that facili- 



invention; and 



tate mechanical joining of the laminates while minimizing FIG. 5 is a schematic illustration, in cross section, of an 

the risk of failure from around a throughbore through which embodiment of a padup of a layup of a hybrid laminate of 

a fastener extends and where forces concentrate. the invention that is useful at joints. 

The invention also provides hybrid laminate structures in 45 DETAILED DESCRIPTION OF THE 
the form of aircraft outer skin panels, such as fuselage PREFERRED EMBODIMENTS 
sections, wing sections, strakes, vertical and horizontal . * .u ■ •• ■ 1 a „a 
. u-v a .u i-i tu 1 ~- „„f» r «Kr„ The hybrid laminates of the invention include spaced- 
stabihzers, and the like. The laminates are preferably sym- ' . , . r „ 
metrical arid, as explained above, include a core structure as a P art ^ of a meti f c foJ ' wlth , a a ^ ror , la / ers an 
a central layer sandwiched between outer layers of layups of 50 organic polymenc matrix composite, that includes a the - 
composite plies and metallic foil. The core structure may m ° se "«* ° r f 'hermoplast.c resin matrix with parallel- 
include, for example, titanium alloy honeycomb. The adja- ° nented reinforcing fibers embedded therein inte^osed 
cent layers of foil o composite are tightly bonded to the between the metaUic foil layers The invention ako provides 
honeycomb layers at interfaces between these layers and the «™f slan P^els such as fuselage wings, strakes, vertical 
honeycomb material. This structure provides a low density 55 and horizontal stabilizers, and the like, made of a sand- 
(light weight), high strength, high modulus, tailorable struc- wiched construction that includes two outer layups, that 
nire that has exceptional fatigTae resistance and excellent each include layers of metallic foil and composite ayers, 
thermal-mechanical endurance properties. The hybrid lami- J?" ° f ™* n * "T^ ^Th'^l! 
nates are resistant to zone 1 lightning strikes due to the outer bonded to ' ' he ° Ut h T lay f rS '° *> ™ a ^ ! ™h 
titanium foil and are therefor! able, for example, to protect «> f™re. Preferably me outermos layer of the hybrid 
fuel stored within a wing. The structure is particularly lammates 15 of m< ? f fol * P rotect ^ underlying orgamc 
suitable for forming the'skin portions of a'supe-nic ^^^^^TS^T^ 
civilian aircraft. material is not used and the hybrid laminate skins are 
BRIEF DESCRIPTION OF THE DRAWINGS 65 reinforced in another manner. 
The foregoing aspects and many of the attendant advan- The preferred metallic foil is about 0.01 to about 0.003 
tages of this invention will become more readily appreciated inches thick (about 250xl0~ 6 to about 70xl0~ s m). 
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Moreover, while aluminum and aluminum alloy foils may be nation with resultant substantial and unacceptable reduction 

used, foils of titanium and its alloys are preferred. In in physical and mechanical properties, when repeatedly 

particular, foils of a beta titanium alloy are most preferred, exposed to the temperatures encountered during supersonic 

particularly when the alloy is heat-treated to a yield strain of flight, for example temperatures of at least about 350° F. 

greater than 1%. This allows full utilization of current fiber 5 (about 175° C.) at about mach 2.4 depending on flight speed, 

properties. Such heat treatment provides the advantage of Exemplary of those resins that meet these requirements are 

improving the load limit and ultimate load capability of the polyaryletherketone; polyetheretherketone; polyimides; pol- 

laminate The invention therefore allows the use of the metal y^ylethersutfone; oxydiphthakc, dianhydride 3,4' oxydi- 

alloy foils up to their elastic yield strain, thereby allowing functional derivatives of the latter, for instance, 

increased operating load as compared to the use of titanium 10 * t'TT* T P * l^K 

allov alone anhydride end-cap monomers; or with 4-(3-aminophenoxy)- 

L J . . , L . ... r , 4-phenylethynyl benzophenone end-cap monomers. The 

In order to facilitate bonding of the metallic foil to fcrred polymers m po l y imide resins sold as PIXA by 

interfacing organic composite layers, the metallic foil may MUsu Toatsu of Tok j and phenylethynyl . 

be subject to surface treatment processes In particular, it is poiyimjdes sold as PETI-5 by Fiberite, Inc. of 

preferred that preferred titanium alloy foil be subjected to a 15 Greenv Jex ^ r£sms meetm me mjKS&m 

nmr-pcc that ^an«p.c a nnrnii« flHhp.Rinn-Tirrimntinff lflver tn .... . / .... 



process that causes a porous adhesion-promoting layer 
form on the surface since such a surface bonds mc 
tenaciously to certain of the high temperature organic resins, 



of maintaining requisite si 
tered during supersonic ft' 

preferred embodiment, the elongate parallel fibers 



discussed below. Useful «Jco Ueatmen, ^ ^^=1^2^^^ 

described for example in ^U.S. Pat. Nos. 3,959,091; 4,473, ^ and boron fib£rs , n 

446; and 3,989,876, which are incorporated by reference. embodiments> ^ ^ ^ explained be l ow , it is 

In a preferred pretreatment method, titamum foils are first pre f err ed to use a mixture of carbon and boron fibers as 

immersed for about 5 minutes in a solution having a con- reinforcement in a single ply. The preferred carbon fibers are 
centration of 4 lb of TURCO 5578 (supplied by Atochem, ^ mose ^ ^ carbon 0 f "intermediate or high strength" with 

Inc. of Westminster, Calif.) per gallon of water that is mo duli of 35-50 Msi and tensfle elongation fanure of 1.5% 

maintained at about 190° F. Thereafter, the foils are removed or greater Typically these fibers are produced from the PAN 

and rinsed with warm water, followed by a cold water rinse. (p 0 i yaC rylonitrile) precursor family of fibers. The preferred 

After rinsing thoroughly, the foils then undergo a mtnc boron fibers ^ me smallest boron fibers ( al least aDout 4_ 7 

hydrofluoric acid etch. This etching is carried out in a ^ ^ highest tensi i e elongation. The preferred boron/ 

solution containing 22 vol.% nitric acid and 3 vol.% hydrof- cilboa nbcr mixture prepregs are sold under the trade name 

luoric acid, maintained at 120° F. After etching for about 4 HYBOR (by Textron Specialty Materials of Lowell, Mass.). 

to about 6 minutes, the foils are removed and rinsed in cold flber ^^maiion permits a higher fiber volume per- 

water for about 5 minutes. Then the foils are subjected to a ^tage in the plies and utilizes the high compressive 

chromic acid anodization process. In this process, the foils ^ properties of boron tne h igh tensile properties of 

are anodized in chromic acid at about 4±1 volts for about 20 carbon Each type of fiber ^ 5esl suited for par ti cu lar 

minutes. The chromic acid solution contains from about 6 to applications, as discussed below. 

about 7.5 oz. of chromic acid per gallon of water, and a Each rf ^ prindpa , components 0 f i he structure con- 
quantity of hydrofluoric acid sufficient to maintain a current structed m accordanC e with the present invention, i.e., the 
density of 2 amps/ft 2 at a potential difference of from about „ foi]> me t compos i te material, and the 
9 to about 10 volts. After anodization, the foils are rinsed in ^ stmctu m generaUy preC onstructed and arranged for 
cold water, preferably within about 2 minutes after ^ in conjunction ^ the preS e nt invention. The composite 
anodization, for from about 10 to about 15 minutes. ^ COIBplixs a high temperature polymeric 
Thereafter, the nnsed foils are dried in an oven at a maxi- resm containing ori ented, continuous carbon, or other, 
mum of 160° F. The pretreated foils are then used to form the stren ^ henin fibers . ^ CO m P osite material is usually sup- 
metallic foil layers of the layups of the hybnd laminates of ^ * ^ Qf m elongate rfbbon Qr tape wound upon 
the invention. a spoo i j]j e ma terial is then unwound from the spool and 
According to the invention, optional adhesives and silane app hed to the receiving surface. Similarly, the core, if any, 
bonding agents may be used to facilitate and enhance metal ^ prem anufactured and supplied for use in conjunction with 
to composite bonding, and also core to metal, and core to 5Q tQe presen t invention. 

composite bonding. jne bybr jd laminates may be made by any of a number of 

Each layer of organic composite in the hybrid laminate of methods. However, in the case of thermoplastic composites, 

the invention is made up of at least one ply. Each layer of ^ is preferred that the laminates are prepared by successively 

plies is preferably about 0.005 to about 0.03 inches thick laying down long continuous strips of thermoplastic resin 
(125xl0~ 6 to 760xl0" 6 m). Each ply includes an organic 55 pre-impregnated fibrous tapes ("prepregs"), by means of a 

polymeric resin, either thermosetting or thermoplastic, thermoplastic application head, directly onto the treated 

within which is embedded parallel reinforcing fibers. While outer surface of a foil. By laying down strips of tape 

the fibers within each ply of organic composite are parallel, side-by-side while consolidating these through the applica- 

these fibers may be at right angles, or indeed any other angle, ti on 0 f heat and pressure, a continuous ply of composite with 
to the fibers in another ply of organic composite in the 60 parallel-oriented fibers is produced. Thereafter, another ply 

hybrid laminate. As will be explained later, orientation of the 0 r plies of composite may be laid down on top of the first ply, 

fibers is selected based upon the expected forces to which depending upon the properties needed of the laminate. The 

the aircraft outer shell component will be subjected. p fy 0 r plies make up a layer of composite. Then, a layer of 

In order to withstand the high temperatures to which the foil is rolled out over the consolidated composite layer and 
outer shell of an aircraft is exposed during supersonic flight, 65 is bonded, for example heat-fused, onto the composite, 

the resin must be "resistant to high temperatures". In other Thereafter, a next layer of organic composite is formed on 

words, the resin should not unduly soften, or cause delami- top of the metallic foil by laying down a ply or plies, as 
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described above. Finally, after laying down the predeter- of horizontally-extending, triangular-shaped strakes 28 

mined number of layers of metallic foil and organic poly- extending outboard from either side of the cylindrical fuse- 

meric matrix, an outer layer of metallic foil is applied. This lage portions 22 and 24. A pair of substantially rectangular 

is an important aspect of the invention since the outer layers wing boxes 30 abut the rear ends of the strakes 28 and extend 

of foil protect the underlying organic composite of the s outboard from attachment to fuselage section 24 to the 

hybrid laminates from the environment and attack by fluids. vicinity of the outer extremities of the strakes. An outboard 

, j- j wing 32 of substantially triangular shape extends from the 

Alternative methods of fabrication, some discussed in outboard end of me each of the wing boxes 30. Thus, the 

more detail below, are also useful. For example, all layers of strake an(J wing on each side of ^ fornj a cop i anar 

the hybrid laminate may be stacked in an autoclave or press, upper surface lnat extends from the upper surface of the 

without prefusion of layers, and may then be fused under i° gtrake 2g to the upper of its ad j oimng wing box 30 

applied heat and pressure into a unitary laminate. ^ thence tQ , he upper surfac6 of me outboard vrin g 32 . A 

The hybrid laminates of the invention are better under- copianar lower surface is similarly formed. The trapezoidal 

stood with reference to FIG. 1, a schematic diagram showing vertical stabilizer 34 and trapezoidal horizontal stabilizers 

an exemplary embodiment of the laminates. Clearly, other 3<j are a is 0; in accordance with the invention, fabricated of 

layered arrangements are also contemplated, and some are 15 hybrid laminates. 

shown below. The layup HL has alternating layers of tita- FIG 3A ^ a s ; mp ]jfi ed d i ag ram of a pair of strakes 28 

nium alloy foil 10 with at least one ply of composite with an adjoining wing box 30 with outboard wings 32. 

interposed between each successive foil layer. A 90° cross- During flight the loads on these structures will be different, 

ply of organic composite 14 is interposed between the first ^ vary ^h speed and other factors. In accordance 

two titanium foil layers. A 0° ply 12 is interposed between ^j, tne invention, an embodiment of the preferred metallic 

the second and third titanium foil layers 10. Finally, another foil-polymer composite layup for the strakes is shown in 

cross-ply is interposed between the third and fourth titanium simplified FIG. 3B. Thus, in the embodiment shown, the 

foil layers. In this particular layup, two-thirds of the fibers metallic foil 10 is oriented with its longest side parallel to the 

are arranged in a 90° cross-ply direction, while one-third of ^ rear edge 29 of the strake 28, although orientation at 90° to 

the fibers are arranged in a zero degree direction. In certain me rear ed g 6 is a iso useful. Directly beneath the foil is a 90° 

preferred embodiments, discussed below, substantially all cross-ply 14 with plies oriented at 90° to the longitudinal 

fibers are arranged in a zero degree direction and in other sides of tne foil. Below this ply 14 is a second ply 16, with 

preferred embodiments, also discussed below, some fibers fibers oriented at zero degrees. Beneath ply 16 is a second 

are arranged at a 90° cross-ply direction and at +45° or -45° ^ C ross-ply 14 followed by a foil layer 10. In accordance with 

directions. In accordance with the invention, it is preferred tne mvent i 0 n, the use of a composite that includes 90° 

that the fibers of a substantial majority of (more than about cross-plies and 0° composite plies is preferred for the strakes 

two-thirds), or all of, the plies of the laminate are oriented of a supersomc delta-winged aircraft. The described layups 

in a common direction. The foils 10 are butt-joined together are bonded to each side of a central core layer to form a 

with minimal spacing between co-extensive foils. Moreover, ^ symmetrical hybrid laminate structure, 

the butt joints are offset, as illustrated schematically, so that Gn the other hand> the ^ box ^ su bj ect ed to very 

laminate strength is not compromised. different forces than the strake. Referring to FIG. 3C, each 

Preferably, the hybrid laminates of the invention are 0 f two wing box layups are bonded to a central core structure 

symmetrical with a central layer that is a lightweight core an d are identical so that the hybrid laminate formed is 

structure 40, such as titanium alloy honeycomb material, as 4Q symmetrical. The layup shown in the embodiment of FIG. 

shown in FIG. 1A. Thus, the core layer 40 is surrounded, or 3c has the following layers in succession: a first outer 

covered, on both sides by identical metallic foil-polymer metallic foil layer 10; four successive span-wise oriented 

composite layups HL forming outer coverings. plies 16; a second foil layer 10; a second series of four 

While the description that follows sometimes illustrates span-wise oriented plies 16; a third foil layer 10; a third 

only the metallic foil-polymer composite layups HL, it 45 composite layer of four span-wise oriented plies 16; and an 

should be understood that the hybrid laminate structures outer foil layer 10. This outer foil layer 10 is bonded to one 

each include a central core structure layer covered on both side of the core structure, and an identical layup is bonded 

sides by adhered identical metallic foil-polymer composite to the other side of the core structure layer to form the 

layups to form a symmetrical hybrid structure of the inven- symmetrical hybrid laminate of the wing box. 

tion. so In an alternative embodiment of a wing box layup, the 

FIG. 2 is a simplified schematic, partially exploded view, plies 16 are not all span-wise oriented, but the inner two of 

showing a hybrid laminate fuselage and exterior panels of a the four plies are oriented at an angle relative to the 

supersonic aircraft. In this exemplified representation, four span-wise plies, for example at +45° and -45°, respectively, 

substantially cylindrical fuselage sections are adapted to Thus, in each of the three layers of four plies, the first ply is 

connect to each other end-to-end to form a substantially 55 span-wise, the second is oriented at +45°, the third is 

cylindrical fuselage. In other designs more sections may be oriented at -45° and the fourth ply is span-wise. As a result, 

required. These sections include a frontal end 20 of the balanced composite layers are formed, 

fuselage that has a substantially cylindrical shape with a The fuselage of a supersonic aircraft is subjected to 

tapering front-end designed to receive a nose cone; a second different forces at different locations along its length. As a 

cylindrical fuselage section 22 with diameter the same as the 60 result, in accordance with the invention, ply orientation and 

diameter of the rear of fuselage front-end 20; a third fuselage ply "building ups" (or "padups") and "dropoffs" in the 

section 24 of substantially cylindrical shape and of the same hybrid laminate structure are determined based upon the 

diameter as the second fuselage section; and a rear-end axial and circumferential loads caused by aircraft pressur- 

fuselage section 26 of slightly tapering cylindrical shape ization that the hybrid laminate will experience at a particu- 

with a widest diameter substantially the same as the diam- 65 lar location on the fuselage. This is illustrated schematically 

eter of the third fuselage section. The wings of the embodi- in FIG. 4A, showing the full fuselage, exemplified in four 

ment shown in FIG. 2 are of the delta-type, including a pair sections, and six metallic foil-composite ply layups 
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HLj-HLg that may be found at different locations on the layers 10, and sandwiched therebetween, a composite layer 

fuselage sections, depending upon load. The nose section 20 that has a center including three longitudinal plies 15, with 

and first section 22 experience similar loads, and in accor- a hoop fiber ply interposed between each of the outermost of 

dance with the invention, have the same layup HLj. In each the longitudinal plies and the outer titanium foil layers 10. 

case, the outer surface of the layup, and hence the hybrid s A core structure HL 4 is sandwiched between two such 

laminate, is a metal, preferably titanium alloy, foil layer 10. layups, by bonding the foil layer to the core, to produce a 

The next layer, tenaciously bonded to the inboard surface of symmetrical hybrid laminate structure, 

the metallic layer 10 is a cylindrical composite ply 13 with Since the sides of the aircraft are subjected to shear, the 

fibers extending continuously helically around the circum- hybrid laminate structure of the sides of sections 24 and 26 

ference of the cylindrical-shaped fuselage ("a hoop ply")- 10 are tailored to counteract shear forces. As shown, in FIG. 

Inboard of, and tightly adherent to the hoop fiber ply, is a ply 4A, the side layup structure of both sections 24 and 26, 

15 with fibers oriented longitudinally along the length of the include, in order, an outer titanium foil layer 10, inboard of 

fuselage sections. This longitudinal fiber ply 15 forms the which is tightly adherent a hoop composite ply 13, inboard 

central layer of the symmetrical layup. Thus, inboard of the of which is a second titanium foil layer 10, inboard of which 

longitudinal fiber ply layer is a second hoop fiber ply 13 15 is a central longitudinal composite fiber ply 15. The layup is 

followed by a second titanium foil layer 10. The second symmetrical, so that the pattern is repeated on the other side 

titanium foil layer is bonded to one side of a core structure of the longitudinal fiber ply 15. Thus, the other plies are, in 

(not shown) and the same layup is repeated on the other side order from the central longitudinal fiber ply, a third titanium 

of the core to produce a symmetrical hybrid laminate. foil 10, followed by a hoop ply 13, and a titanium foil layer 

Mid-aft section 24 may have four distinct ply orientations. 20 10. One such layup is bonded to each side of a central core 

A first layup HLj is designed to counteract tension normally structure to produce a symmetrical hybrid laminate struc- 

encountered in the forward end of the crown of the fuselage, hire. 

a second layup HLj designed to counteract tensile forces in The keels of both sections 24 and 26 are preferably 
the aft section of the crown, a third layup HL 4 for the sides composed of a layup HL 5 that includes a central titanium foil 
that are normally under shear, and a fourth layup HL 5 to 2 s layer 10 surrounded on either side by four longitudinal 
counteract the compressive forces normally found in the composite plies 15, preferably plies containing parallel- 
keel of the fuselage. Of course, all four ply layups form a oriented boron fibers to counteract increased compressive 
unitary hybrid laminate structure together with a central core stresses in the keel. The quadruple-layer of boron plies are 
structure (not shown), but the number of plies and their each covered with at least a single composite hoop fiber ply 
orientation vary depending upon the forces the laminate is 30 13. Thereafter, as is preferred in accordance with the 
expected to withstand. Thus, in the forward section of the invention, the composite hoop carbon fiber plies are covered 
crown, the layup HL 2 has an outer titanium foil layer 10 that with titanium foil 10. This foil is bonded to one side of a 
covers the entire exterior surface of the fuselage to protect central core structure and the layup is repeated on the other 
the underlying composite structure. Tightly bonded to the side of the core to produce a symmetrical hybrid laminate, 
inboard side of the foil 10 is a first hoop fiber ply 13, and 35 a hybrid laminate fuselage section including a core 
inboard of this hoop ply, three longitudinal fiber plies 15. structure, such as metallic honeycomb, for example titanium 
Inboard of the third longitudinal fiber ply is a second a]i 0 y honeycomb, is shown in FIG. 4B, depicting an 
titanium alloy foil layer 10, that forms the center of sym- exploded, schematic view of a partial cross section of a 
metry of the layup. Thus, inboard of this foil 10 are, in order, segment of a preferred hybrid laminate fuselage. It is pre- 
three longitudinal fiber plies 15, a hoop fiber ply 13, and a 40 ferred that the laminate structure be configured to optimally 
final inboard titanium foil layer 10. The final titanium layer counteract the mechanical forces to which it would be 
is bonded to one side of a core and the layup is repeated, subjected. In the embodiment shown, the fuselage section 
symmetrically, on the other side of the core. This arrange- has an outer covering made up of longitudinally-extending 
ment of plies and core provides a hybrid laminate structure titanium foils 10, each of the foils abutting against each 
that counteracts the tensile, shear, hoop and compression 4S other to provide a seal, thereby covering and protecting the 
forces normally encountered in the front of the crown of the underlying composite structure. Inboard of the titanium foil 
aircraft mid-aft fuselage section. In all sections of the jg a first hoop fiber composite ply 13, followed by a second 
fuselage the hoop plies counteract circumferential loads. i a y er of longitudinally-arranged titanium foils 10, followed 

To counteract increased tensile stresses in the aft segment by a second composite hoop fiber ply 13 and a third layer of 

of the crown of fuselage section 24, and also the forward 50 longitudinal titanium foils 10. In the embodiment shown, the 

section of fuselage section 26, an additional longitudinal ply titanium foils are directly adhered, using a resinous adhesive 

is added to the layup as shown in HL3. Thus, the crown and optionally a silane bonding agent, to a honeycomb core 

sections include, in order, an outer titanium foil 10, followed 40. A fourth longitudinal titanium foil 10 is likewise adhered 

by a single hoop ply, four successive longitudinal composite onto the inboard surface of the honeycomb structure, 

plies, a central titanium foil 10, four successive longitudinal 55 Inboard of the fourth titanium foil 10, is adhered 

composite plies 15, a hoop composite ply 13, and an inner sequentially, a fourth composite hoop ply 13, a fifth longi- 

titanium foil layer 10. As before, the inner titanium foil of tudinal titanium foil layer 10, a fourth composite hoop ply 

this layup is bonded to a central core and the layup is 13, and a final titanium foil layer 10. Thus, the laminate is 

repeated on the other side of the core to produce a sym- symmetrical about the central honeycomb layer 40. 

metrical hybrid laminate. 60 Importantly, the laminate structure has at least four hoop 

An aft portion of the crown of fuselage section 26 has a plies adding strength to the fuselage, the same holds for the 

somewhat simplified layup structure HL e , since tensile embodiment of FIG. 4C, discussed below. A similar hybrid 

forces are not as high in this segment of the aircraft fuselage laminate fuselage section, 68 inches by 120 inches in size, 

section. As a result, fewer plies may be used to produce a with mass per unit area of 1.3 lb/ft 2 , provided a safe pressure 

laminate that has the desired strength properties, but that is 65 shell that was able to withstand 99,000 fatigue cycles of 14 

lighter than HL3 or HI^. Thus, the layup HL 6 aft crown ksi hooploads, and 12 ksi axial loads at an 0.20 Hz frequency 

segment of section 26 also has outer and inner titanium foil load cycle with an "R" factor of 0.1. 
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FIG. 4C shows yet another embodiment of an aircraft duction facility and stored until they are to be utilized in the 

fuselage layup, shown in schematic exploded cross section, lamination process. A layup mandrel, having an outer cir- 

in accordance with the invention. In this embodiment, the cumference conforming to the inner circumference of the 

tension-critical crown area 42 of the fuselage contains fuselage, may be used to form the hybrid laminate or it may 

multiple longitudinally-extending carbon plies, the shear- s be laid up manually. Our concurrently-filed application, Ser. 

critical side sections 44 contain a single longitudinally- No 08/585,306, filed Jan. 11, 1996, now U.S. Pat. No. 

extending carbon ply, and the compression-critical keel 5,651,850, issued Jul. 29, 1997, hereby fully incorporated by 

section 46 contains multiple unidirectional longitudinally- reference, shows more details about the mandrel. The hybrid 

extending boron-carbon plies. Significantly, however, the composite structure is applied to the mandrel by the lami- 

embodiment has at least two carbon fiber hoop plies 13 that 10 nation procedures described below. Thereafter, the hybrid 

extend throughout each layup of the hybrid laminate, mak- laminate is removed from the mandrel, trimmed, window 

ing up a total of four such plies. These plies add strength to openings are cut in the structure, and other fastening devices 

the fuselage to counteract forces encountered in use. Con- and components are added to form a finished structure, 

sidering the layers of the layup, successively from the When the fuselage section is prepared on a mandrel, the 

outside inward, the first layer of the fuselage is an outer layer 15 mandrel is preferably rotatably-mounted, cylindrical-shaped 

of titanium foil 10. This is followed by a first carbon with its longitudinal axis oriented in a vertical direction. A 

composite hoop ply 13 that extends the entire circumference plurality of titanium gore panels are applied in a longitudinal 

of the fuselage. In the crown section 42, this is followed by direction to the exterior surface of the mandrel with a 

a first layer 17 of multiple longitudinally-extending plies of suitable releasable adhesive to form a first layer of titanium 

carbon fibers, a second longitudinally-extending titanium 2 o foil. Each gore panel is positioned on the layup mandrel with 

foil 10, and a second longitudinally-extending layer 17 of the longitudinal axis of the gore panel substantially parallel 

multiple carbon plies. On the sides 44, the first carbon hoop to the longitudinal axis of the layup mandrel. In some foil 

ply 13 is followed by a second longitudinally-extending layers the gore panels may be in the form of hoops extending 

titanium foil 10, a longitudinally-extending carbon ply 15, around the circumference of the mandrel, as discussed 

and a third longitudinally-oriented titanium foil 10. In the ^ above. The gore panels are successively applied around the 

keel 46, the first carbon hoop ply 13 is followed by a first circumference of the layup mandrel in an edge-to-edge 

layer 19 of multiple longitudinally-extending plies contain- relationship (butt jointed) to form a smooth, continuous 

ing boron-carbon fibers, a second longitudinally-extending titanium foil layer covering the layup mandrel. Carbon 

titanium foil 10, another longitudinally-extending layer 19 prepreg tape (or another prepreg, as required) is then wound 

of multiple boron-carbon plies, a third longitudinally- 30 about the rotating mandrel in a direction transverse to, and 

extending titanium foil 10, and a third longitudinally- preferably helically oriented relative to, the mandrel until a 

extending boron-carbon layer 19 of multiple plies. Each of first hoop ply of composite material has been formed over 

the above-described layers is then followed by a second the foil layer. Clearly, other ply orientations may also be 

carbon hoop ply 13 that extends circumferentially around applied, as required. A second layer of titanium foil may then 

the entire circumference of the fuselage. The inboard face of 3S be applied to the composite layer, followed by another ply 

this second carbon hoop ply 13 is covered by another layer or plies of composite material, followed by a final layer of 

including longitudinally-extending titanium foils 10. The titanium foil. In the event that the hybrid laminate includes 

latter titanium foil layer is then bonded to one side of a core a core structure, the core is produced in appropriately curved 

structure and the above-described layup is repeated on the and sized panel-sections which are applied with adhesives to 

other side of the core to produce a symmetrical hybrid 40 fit over the cylindrical-shaped laminate sections already laid 

laminate structure. down on the mandrel. The core is thus bonded to the 

FIG. 4D further illustrates how foils are arranged on outer underlying laminate structure. Thereafter, further layers of 

surfaces sequentially, in order to produce the foil-covered composite material and titanium foil are formed over the 

cylindrical-shaped fuselage sections of the invention, as core, as explained above. 

shown in FIG. 4C. In the embodiment shown, the foil 10 is 45 For use with layup mandrels having other geometries, the 

applied in alternating longitudinally-extending plies or gore panels preferably have other shapes. For example, with 

"gore panels" that abut edge-to-edge to eliminate gaps. The a conically-shaped mandrel, the gore panels would prefer- 

foil may also be applied circumferentially in a hoop fashion, ably have a trapezoidal shape, i.e., one end of the gore panels 

if required. would be wider than the other end. Thus, when the gore 

There are several methods for preparing the skin panels 50 panels are laid upon a conical mandrel in edge-to-edge 

described and illustrated. As a preliminary matter, the tita- relationship, the wider ends would be proximate to the base 

nium foil is usually supplied in the form of large rolls of foil of the cone shape. Conveniently, but not necessarily, each 

and is then is slit into gore panels of predetermined length gore panel would therefore cover an approximately equal 

by a conventional cutting machine. In the context of a area of the mandrel for forming a smooth titanium foil layer, 

fuselage section, a gore panel is a longitudinal panel that 55 Accordingly, slitting the foil into gore panels includes pre- 

extends from one end to the other of the fuselage section. calculating the shape of the gore panels so that each gore 

Because the fuselage section may have a varying or chang- panel covers an approximately equal area of the mandrel, 

ing circumference, the gore panel must be cut with varying Hence, when the gore panels are placed in edge-to-edge 

width so that successive gore panels can be applied in an relationship on the mandrel, the gore panels form a smooth 

edge-to-edge relationship, preferably without overlapping. 60 titanium foil layer. 

The gore panels are anodized by a conventional anodizing As an alternative, the hybrid laminates may also be laid up 

process, or the process described above, which forms an manually or by machine. Under these conditions, to prepare 

exterior coat on each of the gore panels that is more suitable a flat or curved laminate, such as a fuselage, the layers of foil 

for bonding to composite materials, such as preimpregnated and prepreg are manually slacked one atop the other with a 

carbon tape. In accordance with the present invention, the 65 central core structure, or other reinforcement. Thereafter, the 

gore panels are reeled onto a spool or cassette. These stacked structure, with layers not adhering to each other, are 

cassettes are delivered to a storage location near the pro- enclosed in a vacuum bag and a vacuum is drawn causing 
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atmospheric pressure to compress the layers against each 
other. This holds the layers in place so that they may be 
transported to an autoclave, press, or oven for curing of the 
resin. Upon appropriate heating of the resin, the stacked 
layers and core are adhered to each other and consolidated 5 
into the hybrid laminate of the invention. 

FIG. 5 illustrates in schematic cross section, and in 
simplified form, a typical skin padup according to the 
invention, used at joints, to strengthen the hybrid laminate 
for receiving fasteners. Unlike prior art joint layups, the 10 
layup in accordance with the invention does not effect the 
basic skin layup, as described above. In the embodiment 
shown, the layup, usually repeated on either side of a central 
core of the hybrid laminate, includes outer titanium foils 10, 
between which are disposed three layers of composite, 1 5 
separated by two intermediate titanium foil layers 10. Each 
of the composite layers is made up of three plies. In order to 
strengthen the hybrid laminate at joints, additional titanium 
foils are interleaved between each of the composite plies. 
Thus, as shown, the structure of the layup surrounding the 20 
joint is made up of alternating plies of composite and layers 
of titanium foil. This provides a high strength structure for 
receiving fasteners to transfer loads between joined compo- 
nents of the aircraft. 

When the layups are drilled through for joining together, 
the open-hole compressive strength of the layups is at least 
about 50 ksi. In certain embodiments of the layups, the 
strength can range up to at least about 80 ksi, and in others 
at least about 200 ksi. Also, the open-hole tensile strength is 
greater than about 55% of the unnotched ultimate tensile 
strength of the layup. 

The layups of the hybrid laminates of the invention have 
high open-hole tensile and compressive strength, thereby 
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While the preferred embodiments of the invention have 
been illustrated and described, one of ordinary skill in the art 
may appreciate that various changes can be made therein 
without departing from the spirit and scope of the invention 
and that these changes are also encompassed in the follow- 



compnsing a 

symmetrical hybrid laminate layup, the layup comprising 
laminated together: 

(a) a first layer of metal foil comprising an outer surface 
of the fuselage section; 

(b) a second layer of metal foil comprising another layer 
of the laminate layup; and 

(c) at least one hoop ply interposed between the first and 
second layers, and bonded to at least one of the first and 
second layers, the at least one hoop ply comprising 
commonly aligned fibers embedded in a polymeric 
matrix, wherein the at least one hoop ply has fibers 
extending helically around the circumference of the 
aircraft fuselage section. 

2. The fuselage section of claim 1, wherein the at least one 
hoop ply comprises two hoop plies, a first of the two hoop 
plies bonded to an inboard surface of the first layer of foil, 
and a second of the two hoop plies bonded to an outboard 
surface of the second layer of foil, wherein inboard is the 
direction towards a longitudinal central axis of the aircraft 
fuselage section, and outboard is the direction away from a 
longitudinal axis of the aircraft fuselage section. 

3. The fuselage section of claim 2, further comprising at 
least one composite layer having longitudinal oriented 
fibers, the at least one composite layer interposed between 
the first and second hoop plies. 

- - 4. The fuselage section of claim 3, wherein the at least one 

facilitating mechanical joimng together of hybrid laminates, 3J ra osite layer comprises three plies, 
while minimizing the potential for crack growth emanating 5 ^ f^^ge section of claim 2, further comprising a 
from the throughbores in the laminates where forces are . of meUj fofl mt6rposed between the first and 

concentrated. When the composite volume fraction of the second meta l foil layers 

layup is less than 50%, then the open-hole tensile strength of 6 ^ of claim 5> fo nhel com prising at 

the layup is in the range from about 150 to about 220 ksi. ^ , easl three i ongitudinal pueS; define d as plies having longi- 
However, when the composite volume fraction of the layup oriented fiberS; interposed between the central layer 

is in the range from about 50 to about 80%, then the of metal fou and each of ^ ^ hoop plies 
open-hole tensile strength increases to within the range from ? ^ ^elzge of claim 2, further comprising a third layer 

about 200 to about 350 ksi. of metal foil bon ded to an inboard surface of the first hoop 

The open-hole compressive strength of the layup is 45 p j v; a f ourm i a y er 0 f metal foil bonded to an outboard 
dependent upon the type of reinforcing fiber used in the surface of the second hoop ply; and a layer of longitudinal 



mposites. Thus, for instance, layups of the invention with 
carbon fiber reinforcement have open-hole compressive 
strengths in the range from about 80 to about 125 ksi. 
However, when boron, HYBOR, or silicon carbide fibers are 5 
used, then the open-hole compressive strength of the layup 
increases to greater than 180 ksi. 

The hybrid laminates of the invention have enhanced 
ultimate tensile strength and ultimate compressive strength. 
Indeed, when the layups of the invention are loaded in the 5 
primary fiber orientation direction, the ultimate tensile 
strength of the layups exceeds 2xl0 6 psiAb/in 3 , and the 
ultimate compressive strength exceeds 1.5x10 s psi/lb/in 3 . 
Consequently, hybrid laminate structures of the invention 

are eminently suitable for use in the structure of a supersonic 60 wherein the longitudinal plies 
civilian transport aircraft. longitudinal oriented fibers. 

While the above description has focused on the use of the 9. The fuselage section of claim 6, wherein the at least 
hybrid laminates of the invention in aircraft, specifically three longitudinal plies interposed between the central layer 
supersonic aircraft, it is clear that the laminates are useful in of metal foil and each of the two hoop plies comprise boron 
a variety of other applications that require a lightweight, 65 fibers. 

high strength-to-weight ratio material that may have some of 10. The fuselage section of claim 2, including: (a) a crown 
the other enhanced properties discussed above. portion comprising a central layer of metal foil interposed 



plies interposed between, and bonded to, both the third and 
fourth metal foil layers, wherein longitudinal plies are 
defined as plies having longitudinal oriented fibers. 
D 8. The fuselage section of claim 2, including: (a) a crown 
portion comprising a central layer of metal foil interposed 
between the first and second metal foil layers and two 
longitudinal plies, one longitudinal ply interposed between 
the central layer of metal foil and each of the two hoop plies, 
5 and (b) a side portion comprising a third layer of metal foil 
bonded to the inboard surface of the first hoop ply; a fourth 
layer of metal foil bonded to the outboard surface of the 
second hoop ply; and a longitudinal ply interposed between, 
and bonded to, both the third and fourth metal foil layers, 
;d as plies having 
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between the first and second metal foil layers and two oxydiphthalic dianhydride 3, 4' oxydianiline, and functional 

longitudinal plies, defined as plies having longitudinal ori- derivatives thereof. 

ented fibers, one longitudinal ply interposed between the 20. The fuselage section of claim 18, wherein the at least 

central layer of metal foil and each of the two hoop plies, and one ply is from about 0.005 to about 0.03 inches thick 

(b) a keel portion comprising two central layers of metal foil s 21. The fuselage section of claim 18, wherein the foil 

interposed between the first and second foil layers and three ^ isheat-treated to a yield strain of greater than 1%. 

longitudinal plies, defined as plies having longitudinal 22. The fuselage section of claim 18 wherein the foil 

fibers, the firs? longitudinal ply interposed between the two ^ P re ^ ated , to produce a surface for more tenacious 

central layers of metal foil, the second longitudinal ply ^g^^^^^fdrim 18, wherein the fibers 

interposed between the one of said two central layers of 10 m from ^ consisting 0 f carbon ^d boron 

metal foil closest to said first hoop ply and the first hoop ply g befs 

and the third longitudinal ply interposed between the other 24.' The fuselage section of claim 18, wherein the fibers 

of said two central layers of metal foil and the second hoop are continuous fibers. 

ply, each of the longitudinal plies including boron fibers. 25. The fuselage section of claim 18, wherein the open- 

11. The fuselage section of claim 1, wherein the at least 15 no i e tensile strength of the laminate is greater than about 
one ply is from about 0.005 to about 0.03 inches thick. 55% 0 f the unnotched ultimate strength of the laminate. 

12. The fuselage section of claim 1, wherein the first and 26. The fuselage section of claim 18, wherein the open- 
second layers of metal foil comprise a titanium alloy. hole compression strength of the laminate is at least about 50 

13. The fuselage section of claim 1, wherein the first and ksi. 

second layers of metal foil comprise a heat treated beta 20 27. The fuselage section of claim 18, wherein crack- 
titanium alloy. growth rate, after crack initiation in the hybrid laminate, is 

14. The fuselage section of claim 1, wherein the first and less than about 0.2% of the crack-growth rate of the titanium 
second layers of metal foil are each of thickness in the range alloy in monolithic form. 

from about 0.003 to about 0.01 inches. The fuselage section of claim 18 wherein a majority 

15. The fuselage section of claim 1, wherein the first and 25 of the fibers of the hybrid laminate are aligned in a common 
second layers of metal foil comprise butt-joined foils direction. 

16. The fuselage section of claim 1, wherein the matrix is of polymeric composite the another layer 
T ^ o ' 6peated 6Xp0SUre 10 tem P eratures of at least comprising commonly aligned reinforcing fibers, the fibers 
about 350 K . . aligned at 90° relative to fibers of the layer of the polymeric 

17. A composite aircraft fuselage section comprising a 30 composite of (aXii). 

central honeycomb core layer, and a hybrid layup bonded to 3Q Th{ , section of claim 29, further comprising 

each side of the central honeycomb core layer to form a another titanium alloy foil layer, the another foil layer 

hybrid laminate layup that is symmetrical about the central bonded to a side of the another layer of the polymeric 

honeycomb core layer, each of the hybrid layups comprising composite. 

laminated together: 35 31. The fuselage section of claim 18, further comprising 

(a) first layer of metal foil comprising an outer surface of additional layers of polymeric composite, the additional 
the fuselage section' layers comprising commonly aligned reinforcing fibers, the 

(b) a second layer of metal foil comprising another layer fib « s ° f , ° n * °f Me a f^ oa aK S ned a '*J 
of the laminate layup; and ^ j^g* lo fibers of me ^ of the P° lvmenc composite of 

(c) at least one hoop ply interposed between the first and 32 . The fuselage section of claim 31, further comprising 
second layers, and bonded to at least one of the first and at i eas t one addition titanium alloy foil layer, the at least one 
second layers the at least one hoop ply comprising addition titanium alloy foil layer bonded to a side of at least 
commonly aligned fibers embedded in a polymeric one of the additional layers of the polymeric composite, 
matrix, wherein the at least one hoop ply has fibers 4J 33, The fuselage section of claim 18, wherein the at least 
extending helically around the circumference of the one p ]y 0 f each composite layer comprises four plies, 
aircraft fuselage section. 34. The fuselage section of claim 18, wherein each of the 

18. A composite aircraft fuselage section, the fuselage layups further comprises a plurality of composite layers and 
section comprising a symmetrical hybrid laminate, the lami- titanium alloy foil layers, wherein a titanium foil layer is 
nate comprising: J0 interposed between each pair of adjacent composite layers. 

(a) a pair of layups, each of the layups comprising: 35. The fuselage section of claim 18, wherein each of the 

(i) a heat treated beta titanium alloy foil layer compris- pair of layups comprises a first and second layer of metal 
ing butt-joined foils each of thickness in the range foil, the layers of metal foil separated by an intervening layer 
from about 0.003 to about 0.01 inches; and of polymeric composite bonded to sides of each of the layers 

(ii) a layer of polymeric composite bonded to a side of 55 of foil, and wherein each of the layers of foil comprise butt 
the foil layer, the polymeric layer comprising at least joined gore panels such that butt joints of the first layer are 
one ply comprising a polymeric matrix, the matrix offset from butt joints of the second layer. 

being resistant to repeated exposure to temperatures 36. The fuselage section of claim 35, wherein the first 

of at least about 350° R, and the composite having layer of metal foil of each of the layups is an outer later of 

commonly aligned fibers embedded in the matrix; 60 the hybrid laminate. 

and 37. A composite aircraft fuselage section, the fuselage 

(b) a central honeycomb core layer, each of the pair of section comprising a symmetrical hybrid laminate, the lami- 
layups bonded to one side of the core layer to form the nate comprising: 

symmetrical hybrid laminate. (a) a honeycomb core having two sides; and 

19. The fuselage section of claim 18, wherein the polymer 65 (b) a pair of layups, one of the pair bonded to each side 
is selected from the group consisting of polyaryletherketone, of the core, each of the layups comprising laminated 
polyetheretherketone, polyimides, polyarylethersulfone, layers of: 
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(i) heat treated beta titanium alloy gore panels having 
a thickness in the range from about 0.003 to about 
0.01 inches, the panels butt-joined to form a con- 
tinuous foil layer; and 

(ii) an organic polymeric composite layer between 5 
adjacent foil layers, the composite layer comprising 

at least one ply, the at least one ply comprising a 
polymeric matrix resistant to repeated exposure to 
high temperatures encountered in supersonic flight, 
the polymeric matrix having commonly aligned rein- 10 
forcing fibers embedded therein. 

38. The aircraft fuselage section of claim 37, wherein each 
of the layups further comprises an outer layer of titanium 
alloy foil, the outer layer bonded to an adjacent composite 
ply. ' is 

39. The aircraft fuselage section of claim 37, wherein the 
high temperature resistant matrix is selected from the group 
consisting of polyaryletherketone, polyetheretherketone, 
polyimides, polyarylethersulfone, oxydiphthalic dianhy- 
dride 3, 4' oxydianiline, and functional derivatives thereof. 20 

40. The aircraft fuselage section of claim 37, wherein the 
foil layers have a thickness of from about 0.003 to about 
0.01 inches. 

41. The aircraft fuselage section of claim 37, wherein the 
open-hole tensile strength of each of the layups is greater 25 
than about 55% of the unnotched ultimate strength of the 
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42. The aircraft fuselage section of claim 37, wherein the 
open-hole compressive strength of each of the layups is at 
least about 50 ksi. 

43. The aircraft fuselage section of claim 37, wherein the 
crack-growth rate, after crack initiation in the aircraft skin 
panel, is less than about 0.2% of the crack-growth rate of the 
titanium alloy in monolithic form. 

44. The aircraft fuselage section of claim 37, wherein the 
reinforcing fibers are selected from the group consisting of 
graphite and boron fibers. 

45. The aircraft fuselage section of claim 37, wherein the 
ultimate tensile strength exceeds about 2x10 s psi/lb/in 3 . 

46. The aircraft fuselage section of claim 37, wherein the 
ultimate compressive strength exceeds about l.SxlO 6 psi/ 
lb/in 3 . 

47. The aircraft fuselage section of claim 37, wherein each 
layup comprises a first and second layer of metal foil, the 
layers of metal foil separated by an intervening layer of 
polymeric composite butt-joined gore panels such that butt 
joints of the first layer are offset from butt joints of the 
second layer. 

48. The aircraft fuselage section of claim 37, wherein the 
first layer of metal foil of each of the layups is an outer layer 
of the hybrid laminate. 



